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TASK 	I - SEQUENCE OF OPERATIONS FOR THREE NANDLING METHODS'
 
I. HANDLING METHOD NO. 1
 
A. 	 DADE COUNTY PLANT TO KSC LC-37B
 
1. 	 Removal of the Stage from the C&C Facility
 
and Placement on the Barge
 
a. Push modified ARD barge into position in graving/loading
 
dock at the C&C facility.
 
b. 	 Tie barge to dock mooring.
 
c. 	 Ballast the barge to the bottom of the dock.
 
d. Connect portable winch to transporter and pull trans­
porter to designated station at stern end of barge.
 
e. 	 Install transporter rotation load bracing structure.
 
f. Connect trunnion lift adapters to aft trunnions. 
g. Engage trunnion lift adapters and stiff-leg derrick 
load cables. 
h. Raise stage vertically to clear forward lightweight
 
environmental closure assembly platform.
 
i. Boom over assembly platform and install stage forward
 
environmental closure to forward skirt.
 
j.. Boom stage into position over transporter forward 
trunnion cradles. 
k. Lower stage vertically until forward trunnions engage
 
transporter cradles.
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I.A. Dade County Plant to KSC LC-37B (cont)
 
1. Rotate stage until aft trunnions engage the transporter
 
aft trunnion cradles.
 
m. Disengage and remove aft trunnion lift adapters; return
 
lift adapters to storage.
 
2. Preparation for Shipment
 
a. Tie-down stage to transporter.
 
b. Inspect stage/transporter tie-down.
 
c. Remove transporter rotation load bracing structure and
 
return to storage.
 
d. Connect barge mounted winch to transporter.
 
e. Place 3-in.- (7.62-cm) dia steel rollers in path of
 
transporter.
 
f. Pull stage/transporter to shipping position on barge and
 
disconnect winch.
 
g. Tie down transporter to barge.
 
h. Inspect transporter/barge tie-down.
 
i. Connect dry N source to pressure regulator on aft
2 

nozzle plug.
 
j. Pressurize stage interior with dry N 2 , as required.
 
k. Connect vibration accelerometers, temperature sensors
 
and pressure transducers to data recording system.
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k. Disconnect, remove, and store barge/transporter tie­
down rigging.
 
1. Connect tow-bar between transporter forward end (barge
 
stern) and tow-tractor.
 
5. Offloading at KSC
 
a. Place steel rollers in transporter path and pull stage/
 
transporter onto dock using barge winch as a braking system.
 
b. Disconnect barge-mounted winch from transporter.
 
c. Connect tow-tractor by cable to transporter aft end
 
for braking.
 
d. Pull stage transporter under sun-shade at inspection area.
 
e. Inspect stage.
 
f. Pull stage/transporter into position at rotating pit.
 
g. Install transporter rotation load bracing structure.
 
h. Install transporter aft end side-load structure between
 
transporter and rotating pit foundation structure.
 
i. Disconnect and remove transporter aft-end transverse
 
shear-load structure to provide clearance for stage rotation.
 
j. Disconnect stage/transporter tie-down rigging and place
 
in storage.
 
k. Return steel rollers to storage after move operations
 
are completed.
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I.A. Dade County Plant to KSC LC-37B Ccont)
 
6. Rotation, Transport to 'the Pad and Placement on the Pad
 
a. Bring Roll-Ramp gantry into position over stage.
 
b. Connect trunnion lift adapters to forward trunnions.
 
c. Engage trunnion lift adapters to gantry lift bar.
 
d. Rotate stage to vertical by raising the Roll-Ramp lift
 
bar and moving the gantry on the gantry rails in coordinated movements.
 
e. Raise stage vertically to proper elevation for place­
ment on the launch pad.
 
f. Install bracing structure between the stage aft section
 
and the gantry to eliminate swinging movement of the stage.
 
g. Move the stage/gantiy into position over the launch pad
 
using the gantry powered truck and braking trucks.
 
h. Remove the aft stage bracing structure and return to
 
storage.
 
i. Lower the stage onto the pad support points by actuation
 
of the Roll-Ramp mechanism.
 
j. Disconnect trunnion lift adapters and raise adapters
 
with gantry.
 
win towerk. Move gantry tu aLea -LuU trunnion lift 
adapters.
 
1. Remove and store trunnion lift adapters.
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B. DCP TO KSC STORAGE
 
1. DCP Operations through Preparation for Shipment
 
Same as I.A.l And I.A.2.
 
2. Barge Route
 
a. Same as I.A.3.a through I.A.3.g.
 
b. Continue on the Banana River barge channel and the
 
channel access to the storage area dock.
 
c. Move barge stern first into position at the storage
 
area graving/loading dock.
 
3. Preparation for Offloading at KSC
 
Same as I.A.4.
 
4. Offloading at KSC
 
a. Place steel rollers in transporter path and pull stage/
 
transporter onto dock using barge winch as a braking system.
 
b. Disconnect barge-mounted winch from transporter.
 
c. Connect tow-tractor by cable to transporter aft end for
 
braking.
 
d. Pull-stage transporter into storage building.
 
e. Return steel rollers to storage after move operations
 
are completed.
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f. 	 Inspect stage.
 
5. 	 Preparation for Storage
 
a. 	 Tie-down transporter to storage facility structure.
 
b. 	 Connect dry N2 source to pressure regulator in nozzle
 
plug.
 
c. 	 Pressurize stage as required'to 1.5 to 2.0 psig (1.03
 
2 

to 1.37 N/cm gage).
 
d. 	 Connect temperature sensors to recording instruments.
 
II. HANDLING METHOD NO. 2
 
A. 	 DCP to KSC LC-37B
 
1. 	 Removal of the Stage from the C&C Facility
 
and Placement on the Transporter
 
a. 	 Bring Roll-Ramp gantry into position over stage.
 
b. 	 Connect trunnion lift adapters to forward trunnions.
 
c. Engage trunnion lift adapters to gantry lift-bar load
 
cable.
 
d. 	 Raise stage vertically, using Roll-Ramp mechanism, a
 
sufficient distance to clear forward light weight environmental closure
 
assembly platform.
 
e. Install bracing structure between the stage forward
 
section and the gantry to eliminate swinging movement of the stage.
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f. "Move stage/gantry into position over assembly platform
 
and install environmental closure to forward skirt.
 
g. Move stage/gantry into position over truck-rail trans­
porter forward trunnion cradles.
 
h. Install transporter rotation load bracing structure.
 
i. Pressurize transporter pneumatic bladder cradle to
 
required pressure.
 
j. Remove stage/gantry bracing structure and return to
 
storage.
 
k. Lower stage vertically until forward trunnions 'engage
 
transporter cradles.
 
1. Move gantry over transporter and rotate stage until aft
 
trunnions engage transporter cradles.
 
m. Disengage and remove aft trunnion lift adapters; return
 
lift adapters to storage.
 
n. Tie-down stage to transporteri
 
o. Inspect stage/transporter'tie-down.
 
p. Remove transporter rotation load bracing structure and
 
return to storage.
 
2. Preparation for Shipment
 
a. Install barge-to-dock rail bridge structure.
 
A-9
 
II.A. DCP to KSC LC-37B (cont)
 
b. Move stage/transporter to shipping position on barge
 
using transporter powered wheels and braking wheels.
 
c. Tie-down transporter to barge.
 
d. Inspect transporter/barge tie-down.
 
e. Connect dry N source to pressure regulator on nozzle
 2 

plug.
 
f. Pressurize stage interior with dry N2 , as required, to
 
2 

1.5 to 2.0 psig (1.03 to 1.37 N/cm gage).
 
g. Connect dry N2 (or dry air) source to pneumatic bladder
 
pressure regulator and pressurize.
 
h. Connect vibration accelerometers, temperature sensors,
 
and pressure transducers to data recording system.
 
i. Connect stage environmental shelter lift slings to
 
300-ton (272-Mg) derrick.
 
j. Lift stage environmental shelter from storage pad and
 
install on barge; disconnect lift slings and return to storage.
 
k. Secure stage environmental shelter to barge attach
 
fittings.
 
1. Inspect preparation for shipment operations.
 
m. Float barge by pumping out ballast.
 
n. Connect tug to barge and remove barge tie-down to
 
dock mooring.
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3. Barge Route
 
Same as I.A.3.
 
4- Preparation for Offloading at KSC
 
a. Tie barge to dock mooring.
 
b. Ballast the baree to the bottom of the dock.
 
c. Pressurize stage interior, as required, to 1.5 to 2.0
 
2 
psig (1.03 to 37 N/cm gage), disconnect dry N source.
2 

d. Pressurize pneumatic bladder, as required, and dis­
connect dry N 2 (or dry air) source.
 
e. Disconnect accelerometer and thermocouple instrumenta­
tion.
 
f. Inspect stage/handling system.
 
g. Install barge-to-dock rail bridge structure.
 
h. Disconnect stage environmental shelter from barge.
 
i. Connect environmental shelter lift slings to mobile
 
crane.
 
j. Remove environmental shelter from barge and place on
 
dock storage pad; return lift slings to storage.
 
k. Disconnect, remove and store barge/transporter tie-down
 
rigging.
 
A-11
 
II.A. DCP to KSC LC-37B (cont)
 
5. Offloading at KSC
 
a. Move stage/transporter off barge to inspection area
 
under a gun shade using truck-rail transporter powered wheels and braking
 
wheels.
 
b. Inspect stage,
 
c. Move stage/transporter into position at rotating pit
 
using truck-rail transporter powered wheels and braking wheels.
 
d. Install transporter rotation load bracing structure.
 
e. Install transporter aft-end side-load structure between
 
transporter and rotating pit foundation structure.
 
f. Disconnect and remove transporter aft end transverse
 
shear load structure to provide clearance for stage rotation.
 
g. Disconnect stage/transporter tie-down rigging and place
 
in storage.
 
6. Rotation, Transport to the Pad and Placement on the Pad
 
Same as I.A.6.
 
B. DCP TO KSC STORAGE
 
1. DCP Operations through Preparation for Shipment.
 
Same as Il.A.l- anrd II.A2.
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2. 	 Barge Route
 
Same 	as I.B.2.
 
3. 	 Preparation for Offloading at KSC
 
Same as II.A.4.
 
4. 	 Offloading at KSC
 
a. Move stage/transporter off barge into position at the
 
storage area using truck-rail transporter powered wheels and braking wheels.
 
b. 	 Inspect stage.
 
5. 	 Preparation for Storage
 
Same 	as I.B.5.
 
III. HANDLING METHOD NO. 3
 
A. 	 DCP TO KSC LC-37B
 
1. 	 Removal of the Stage from the C&C Facility
 
and Placement on the Transporter
 
a. 	 Connect trunnion lift adapters to aft trunnions.
 
b. 	 Engage trunnion lift adapters to aft trunnions.
 
c. Raise the stage vertically sufficient distance for aft
 
trunnions to clear transporter.
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d. Install trunnion lift adapters to forward trunnions.
 
e. Lower forward system winch cable and engage forward
 
trunnion lift adapters and forward winch system load cables.
 
f. Rotate stage to horizontal using forward winch system.
 
g. Adjust transporter center support sling to proper
 
position.
 
h, Bring truck-rail transporter into position under stage
 
using the transporter powered wheels and braking wheels; tie down transporter.
 
i. Lower stage horizontally to engage forward'and aft
 
trunnions in transporter forward and aft cradles.
 
j. Disengage and remove forward and aft trunnion lift
 
adapters; return lift adapters to storage.
 
k. Tie down stage to transporter.
 
1. Inspect stage/transporter tie-down.
 
m. Remove transporter tie-down structure and return to
 
storage.
 
n. Move stage/transporter to forward environmental closure
 
assembly area.
 
o. Attach- environmental closure lift slings to 300-ton
 
derrick; attach slings to environmental closure handling fixture.
 
p. Install environmental closure to forward skirt; remove
 
handling fixture and return lift slings and handling fixture'to storage.
 
A-14 
III.A. DCP to KSC LC-37B (cont)
 
2. Preparation for Shipment
 
a. Install barge-to-dock rhil bridge structure.
 
b. Move stage/transporter into shipping position on the
 
barge using the transporter powered wheels and braking wheels.
 
c. Tie down transporter to barge.
 
d. Inspect transporter/barge tie-down.
 
e. Connect dry N2 source to pressure regulator on nozzle
 
plug.
 
f. Pressurize stage interior, as required, with dry N2 to
 
2 

1.5 to 2.0 psig (1.03 to 1.37 N/cm gage).
 
g. Adjust tension load in transporter center sling, as
 
required.
 
h. Connect vibration accelerometers and temperature sensors
 
to data recording system.
 
i. Connect stage environmental shelter lift slings to
 
mobile crane.
 
j. Lift stage environmental shelter from storage pad and
 
install on barge; disconnect lift slings and return to storage.
 
k. Secure stage environmental shelter to barge attach
 
fittings.
 
1. Inspect preparation for shipment operations.
 
M. Float barge by pumping out ballast.
 
n. Connect tug to barge and remove barge tie-down to dock
 
mooring.
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3. Bar~e Route
 
Same as I.A.3.
 
4. Preparation for Offloading at KSC
 
a. Tie barge to dock mooring.
 
b. Ballast the barge to the bottom of the dock.
 
c. Pressurize stage interior, as required, to 1.5 to 2.0
 
2
 
psig (1.03 to 1.37 N/cm gage); disconnect dry N source.
2 

d. Adjust load in transporter support sling, as required.
 
e. Disconnect accelerometer and thermocouple instrumentation.
 
f. Inspect stage/handlng system.
 
g. Install barge-to-dock rail bridge structure.
 
h. Disconnect stage environmental shelter from barge.
 
i. Connect environmental shelter lift slings to mobile crane.
 
j. Remove environmental shelter from barge and place on dock
 
storage pad; return lift slings to storage.
 
k. Disconnect, remove and store barge/transporter tie-down
 
rigging.
 
5. Offloading at KSC
 
a. Move stage transporter off barge to inspection area under
 
sun shade using truck-rail transporter powered wheels and braking wheels.
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b. Inspect stage.
 
c. Move stage/transporter into position at rotating pit
 
adjacent to launch pad using truck-rail transporter powered wheels and braking
 
wheels.
 
d. Install transporter rotation load bracing structure.
 
e. Install transporter aft end side-load bracing structure
 
between transporter and rotating pit foundation structure.
 
f. Disconnect and remove transporter aft end transverse
 
shear load structure to provide clearance for stage rotation.
 
g. Disconnect stage/transporter tie-down rigging and place
 
in storage.
 
6. Rotation and Placement on the Pad
 
a. Connect trunnion lift adapters to forward trunnions.
 
b. Engage trunnion lift adapters and stiff-leg derrick load
 
cable.
 
c. Rotate stage to vertical position.
 
d. Elevate stage vertically sufficient distance to clear
 
launch pad structure and boom into position over pad.
 
e. Lower the stage onto the pad support points.
 
f. Disconnect trunnion lift adapters and return to storage.
 
g. Dismantle, install launch environment protection as
 
required and store derrick.
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III. 	 Handling Method No. 3 (cont)
 
B. 	 DCP TO KSC STORAGE
 
1. 	 DCP Operations through Preparation for Shipment
 
Same as III.A.l and III.A.2.
 
2. 	 Barge Route
 
Same as I.B.2.
 
3. 	 Preparation for Offloading at KSC
 
Same as III.A.4.
 
4. 	 Offloading at KSC
 
Same as II.B.4.
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STRUCTURAL ANALYSIS OF 260-IN.-DIA SOLID ROCKET MOTOR
 
I. INTRODUCTION
 
Stress analyses were conducted to evaluate the three proposed handling
 
and storage methods for the 260-in.-dia stage. The propellant grain structure
 
and the motor case shell structure were both condidered in the evaluation. The
 
cricical load conditions related to the proposed handling methods were edtab­
lished and used as a basis for the analyses. The results of this study are
 
intended to provide a definition of the magnitude of the motor stresses and
 
strains developed during these handling and storage operations. In turn, these
 
data are to be used to define the allowable handling loads associated with each
 
handling procedure.
 
II. ANALYSIS
 
A. PROPELLANT GRAIN
 
1. Method
 
a. Theoretical Basis
 
To evaluate in detail the propellant grain structure, the
 
finite element technique was used as the method of analysis (1) . The finite
 
element approach replaces the continuous structure with a system of elastic
 
quadrilateral rings (elements) interconnected at a finite number of nodal points
 
(joints). The equilibrium equations, in terms of unknown nodal point displace­
ments, are developed at each nodal point with the solution of these equations
 
being the solutio- to the system. In the procedure, the displacements, loads,
 
or stresses subjected to the structure are replaced by equivalent values acting
 
at the nodal points of the finite element system. Since each element may have
 
separate mechanical properties and loading, the propellant grain, insulation,
 
and motor case structure of arbitrary geometry can be evaluated. The effects
 
* 	 A list of references for this structural analysis is given in Section V of 
this appendix, 
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of finite length, curved boundaries and variable boundary conditions are com­
pletely accounted for in the solution. Since the propellant grain will behave
 
as a nearly incompressible material (v = 0.5), variational principles are used
 
to account for this condition.
 
b. 	 Nonaxisymmetric Load Condition
 
The analysis of the propellant grain subjected to trans­
verse acceleration loads during horizontal storage or transportation is conducted
 
on the basis of a modification of the finite element method (2, 3). This modi­
fication was developed for analysis of solids of revolution subjected to nonaxi­
symmetrical body forces and boundary conditions. The technique expresses the
 
nonsymmetrical loads and boundary conditions in terms of Fourier Series expan­
sions. A separate problem is solved for each term in the series expansion, and
 
these results are combined to give an overall solution to the body at specified
 
hoop. stations.
 
2. 	 Criteria
 
a. 	 Design Analysis Conditions
 
The following load and environmental conditions were
 
determined to be associated with the.three proposed handling procedures. These
 
data provide the basis for establishing the propellant grain structural analyses
 
required for comparing the critical motor stress and strain conditions.
 
(1) -Handling Method 1
 
(a) 	Vertical Storage
 
1 	 Postcast Motor Assembly and Prelaunch
 
Pedestal
 
a 	 Long term (1 g axial)
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(b) vertical Moist
 
I Postcast and Prelaunch Pedestal
 
a Short term (axial g load)
 
(c) Motor Rotation
 
i Postcast and Prelaunch Pedestal
 
Short term (axial g load, transverse
 
g load, and combined transverse and axial g load)
 
b Above with internal pressure
 
(d) Horizontal Transportation
 
1 Ground Transportation (Steel Rollers)
 
a Short term (lateral g load)
 
b Above combinied with internal pressure
 
2 Barge Transportation
 
a Short term (lateral g load at varioul
 
response rates)
 
b Above with internal pressure
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(e) Horizontal Storage
 
1 Long Term and Short Term Storage
 
a Long term (lateral g load)
 
b Above with internal pressure
 
(2) Handling Method 2
 
The analysis conditions will be the same as Handling
 
Method 1 except as follows.
 
(a) There would be no internal motor pressure condi­
tion for long term horizontal storage.
 
(b) An external pneumatic bladder pressure (constant
 
pressure distribution) with varying angular contact and length would be combined
 
with horizontal transportation and storage.
 
(c) Horizontal ground transportation would involve
 
a rail system instead of steel rollers.
 
(3) Handling Method 3
 
The analysis conditions will be the same as Method 1
 
except as follows.
 
(a) Internal motor pressure would not be required
 
for horizontal handling, but would be required for horizontal long term storage.
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(b) A transporter for horizontal ground transporta­
tion handling would incorporate a.hammock (sling) arrangement with varying
 
angular contact and length. This system would apply a constant external pres­
sure distribution to the motor case similar to a pneumatic bladder pressure if­
no appreciable shear exists between the sling and the motor case.
 
(c) Horizontal ground transportation would involve
 
a transporter instead of steel rollers.
 
b. Geometry and Material Properties
 
(1) Motor Case
 
The motor case configuration and material properties
 
-

used in the propellant grain analysis are summarized in Table B-1 . These data
 
were obtained from the-Douglas Report SM-51896 (4).
 
(2) Propellant Grain
 
The propellant grain geometry used as a basis for
 
the evaluation of the storage and handling operations is depicted in Figure B-1.
 
The mechanical properties of ANB-3105 propellant were used in the analyses and
 
are summarized in Tables B-2 and -3. The time-dependent characteristics of the
 
insulation system were assumed to be similar to that of the propellant.
 
(a) Relaxation Modulus
 
A significant parameter in the structural anal­
ysis of propellant grains is the relaxation modulus of the propellant. Solid
 
propellants exhibit inelastic properties such as creep and stress relaxation
 
at normal operating temperatures. As a result, structural grain analyses for
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long-time 'storage conditions or the short-time dynamic -onditions encountered 
during transportation -must involve consi&etr tion of these timedependnt ­
response 'characteristics for various stre'ss-stralin-temperature envIbnme-nts.
 
Several different tests are*used to obtain the propellant response ptopert'es,
 
Tests include the measurement of creep, stress relaxation, constantlrate ten-,
 
sile behavior, and dynamic response under untaxial and multiaxial conditions
 
and at various temperatures. The 'test data are reduced to form a "master
 
relaxation curve" that describes the propellant modulus as a function of time
 
over the full operational range at a given reference temperature. "Shift
 
factors" are developed from the data todefine a modulus-vs-time curve for
 
analyses at temperatures that differ from the reference value. Figure B-2
 
shows the "master relaxation curve" for ,ANB-3105 propellant with the upper and
 
lower bounds of the relaxation modulus as indicated. Figure B-3 provided the
 
time-temperature shift factors associated with the master relaxation curve.
 
In the stress calculations for hoisting, transportation and storage, the various
 
moduli values used are indicated -in Table B-2. The modulus indicated'for the
 
firing pressure condition was obtained from the strain rate data given in
 
Figure B-4.
 
(b) Allowable Bond Strength
 
Allowable'bond stresses for motot storage-are
 
derived from the results of tests-to-failure of poker-chip specimens sub3ected
 
to constand load conditions. The poker-chip specimen consists of a thin, round
 
sandwich (diameter/thickness ratio >10) of ropellant and liner bonded between
 
heavy metal plates. The heavy metal plates and large diameter-to-thickness
 
ratio simulate the bilateral restraint effects of the motor case on the propel­
lant grain. It has been determined that plots of the data in the form of log
 
time-to-failure are linear,'with high 'statistical correlation coefficient
 
Therefore, these data can be extrapolated to storage times that correspond to
 
the expected dseful life of a particular motor design. Allowable tensile and
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shear strength data are presented in Figure B-5. 
The change in bond strength
 
with different temperatures was determined on the basis of 
the time-temperature
 
shift factors indicated in Figure B-3.
 
(c) Allowable Strain
 
Uniaxial test specimens are employed to evaluate
 
the ultimate properties of the propellant. These data are adjusted for biaxial
 
conditions by correlation factors determined in the laboratory for a wide range
 
of temperatures and strain rates. Figure B-6 gives the 
allowable strain for
 
long-time storage, while Figures B-7 and -8 show the strain allowables related
 
with rapid loading due to acceleration forces and firing pressure transients.
 
(d) Insulation Configuration
 
The proposed insulation system given in Figure
 
33 of Reference (6) incorporates booted forward and aft heads. 
 However, to
 
facilitate the comparison of the insulation bond stresses developed under the
 
three different handling procedures, a completely bonded system was assumed in
 
the analyses made for evaluating the storage and handling operations.
 
Subsequent analyses were conducted for the
 
actual proposed insulation configuration with booted heads 
(6) and skirt supports.
 
3. Analysis Configurations
 
a. Axisymmetrical Model
 
The propellant grain configuration as shown in Figure B-1
 
is an axisymmetrical.body with 12 nonaxisymmetrical fins in the vicinity of the
 
forward head. The nonaxisymmetrical aspects of the configuration are not directly
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amenable to an analytical evaluation. Presently available analytical techniques
 
of three-dimensional propellant grain bodies are limited to akisymmetrieel
 
shapes. Therefore, the usual procedure for conducting a stress evaluation of
 
this type of configuration is to assume a three-dimensional analytical model
 
with inner-diameter dimensions that include the base of the fin slot and outer­
diameter dimensions equivalent to the fin tips. Accordingly, the density and
 
hoop stiffness of-the material representing the fin region are adjusted to
 
properly simulate the actual physical conditions. Figure B-9 shows this axiz
 
symmetrical propellant grain model used to-determine the bond stresses and bore
 
strains developed by the proposed handling methods for axial and transiese
 
body forces, thermal contraction, and internal pressure. -Figure B-9 depicts
 
the finite element grid system, the propellant insulation bond element, and
 
the inner bore nodal points uaed in the analysis locations. Figure B-10 shows
 
the similar model, which includes the proposed insulation systems with booted
 
forward and aft heads. The analyses of the propellant-insulation bond system
 
in the booted regions is accomplished by assuming the insulation material has
 
a 0.1 modulus for thermal, acceleration, ard pressure loads. In the case of'
 
pressure loading, the elements representing the boots were assigned a negative
 
pressure (pressure acting outwards against case and propellant) to simulate
 
"booting effects."
 
b. Plane Strain Model
 
One analytical procedure for obtaining a stress evaluation
 
of the propellant grain structure supported horizontally by external transverse
 
loads is the "plane strain" solution of a typical cross section. The method
 
provides a detailed definition of the circumferential distribution of propellant­
insulation bond stresses and bore strains under this load condition. This tech­
nique was used to determine bond stresses and bore strains for both a continuous
 
lateral support system and a local control support. An analysis for the local
 
central support was accomplished by applying appropriate shear stresses to a
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simulated motor case shell to achieve an equilibrium in forces for a given
 
lateral support pressure. Figure B-ll shows the finite element grid system
 
and the propellant-insulation bond element locations used for the analyses.
 
c. Nonaxisymmetrical Load Model
 
A three-dimensional solution of the propellant grain
 
supported horizontally by both the skirts and a finite central support may be
 
obtained from a finite element solution utilizing Fourier Series expansions.
 
The method accounts for the edge effects of the lateral load and defines 
an
 
axial stress and strain distribution. However, practical limitations on com­
puter capacity preclude obtaining a comprehensive solution for the entire motor
 
structure. This is indicated by the necessarily simplified finite element grid
 
used in this analyses (Figure B-12). The results of solutions obtained by this
 
procedure were used to confirm maximum values obtained from the plane strain
 
analyses.
 
4. Analyses
 
A review of the possible load conditions related to the three
 
handling methods, as given above, defines the following analyses as regards
 
comparing the handling methods. The hammock-type support is assumed to apply
 
a constant external pressure distribution to the motor case similar to a pneu­
matic bladder pressure, i.e., lateral support by Handling Methods 2 and 3 are
 
similar.
 
a. Axisymmetrical Solutions (Handling Methods 1, 2 and 3)
 
(1) Vertical Storage and Hoist Load
 
(a) Geometry (Figures B-9 and -10) 
Entire motor structure supported at aft skirt.
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(b) 	Load
 
1 g forward axial acceleration
 
(2) 	Thermal Conditions
 
(a) 	Geometry (Figures B-9 and -10)
 
Entire motor structure supported at aft skirt.,
 
(b) 	Load
 
Assume 10'F thermal difference.
 
(3) 	Internal Pressure
 
(a) 	Geometry (Figures B-9 and -10)
 
Entire motor structure supported at aft skirt.
 
(b) 	Load
 
Assume 10 psi internal pressure
 
b. 	 Nonaxisymmetrical Solutions
 
(1) 	Horizontal Storage or Transportation with Skirt
 
Supports (Handling Method 1)
 
(a) 	Geometry (Figures B-9 and -10)
 
Entire motor structure supported at forward
 
and aft skirts
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(b) 	Load
 
1 g transverse acceleration
 
(2) 	Motor Rotation (Handling Methods 1, 2, and 3)
 
(a) 	Geometry (Figures B-9 and -10) 
Entire motor structare supported at forward
 
and aft skirts.
 
(b) 	Loads
 
Combination of transverse and axial accelera­
tions for combined 1 g loading at various angles of rotation as follows:
 
= 300 
= 450 
4 600 
C. Nonaxisymmetrical Plane Strin Solutions
 
(1) 	Horizontal Storage or Transportation with Central
 
Support (Handling Methods 2 and 3)
 
(a) Geometry (Figure B-11)
 
Motor structure supported at the forward and
 
aft skirts on a finite-length support at the center of the motor. The central
 
support is assumed to react approximately 1/3 the weight of the motor by an
 
applied external air bag or sling with constant lateral contact pressure.
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(b) 	Loads
 
1 g transverse acceleration with central support
 
combinations as follows:
 
Contact Lateral Contact Angle, Contact Length, Average Lateral
 
Pressure, psi degree in. Shell Shear, psi
 
49 	 120 100 15.9
 
24.5 120 200 4.8
 
The lateral shear is applied to the shell cross
 
section to simulate the effects of the finite length support.
 
(2) 	Horizontal Storage or Transportation with Continuous
 
Lateral Support (Handling Methods 2 and 3)
 
(a) Geometry (Figure B-11)
 
A typical cross section of the motor at the
 
central section is shown in Figure B-11. Central support would represent that
 
applied by an external air bag or sling with contact pressure for full support
 
of the motor along the entire length.
 
(b) 	Loads
 
I g transverse acceleration with central support
 
conditions as follows:
 
Contact Lateral Contact Angle (8), Contact Length,
 
Pressure, psi degrees in.
 
12.4 152 	 1160
 
13.9 120 	 1160
 
17.3 	 88 1160
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d. Nonaxisymmetrical Three-Dimensional Solution
 
(1) 	Horizontal Storage or Transportation 4ith Central
 
Support (Handling Methods 2 and 3)
 
(a) Geometry (Figure B-12)
 
The motor structure-is supported at forward and
 
aft skirts and on a finite-length support at the center of the motor. The cen­
tral support is assumed to react approximately 1/3 the weight of the motor by
 
an applied external air bag or sling with constant lateral contact pressure.
 
(b) 	Loads
 
1 g transverse acceleration with central support
 
external pressure applied over 120-degree contact angle for 100 and 200 in.
 
lengths. A Fourier Series definition for the external pressure is determined as:
 
W
 
(in)(L)(130)(Sin 6 [1 + 81 - a + (Sin - Sin 2 Cos 6 
+ (Sin 2 81 - Sin 2 62) Cos 20 
+ 	 (Sin 3 e - Sin 3 6 2 ) Cos 36
3 1 2 
+ I 	(Sin 4 6 - Sin 462) Cos 46 
+ ---1 
Where
 
p = external pressure (psi)
 
L = contact length (in.,)
 
W - support load (lb)
 
= 1/2 contact angle
 
6 = 360 - 6i contact angle
 
6= angular location
 
6I 
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B. MOTOR CASE
 
1. Method
 
The three proposed handling methods for the motor in the hori­
zontal attitude are evaluated on the basis of motor-case shell stresses and
 
elastic stability. Elastic stability is evaluated by a method (7) that is
 
based on statistical considerations of available classical stability theories
 
modeled for 90 and 99% proability buckling allowables. A 90% probability Value
 
was assumed in the calculations. The additional buckling capacity developedby
 
use of internal pressurization is considered, Also, the case stiffening effect
 
of the propellant core is determined by the theory of Reference (8). The shell
 
stresses developed in the motor case by a local lateral support pressure are
 
determined by the "band loaded cylinder program" (9). This program is intended
 
for use in the analysis of simply supported cylindrical shells subjected to band
 
surface loads of arbitrary distributions in the three principal"directions of
 
the cylinder. The shape of the surface load in any direction is defined and
 
approximated by the use of finite double Fourier Series.
 
2. Criteria
 
The motor case configuration and material properties used in
 
the analysis are given in Table B-1
 
3. Handling Method 1
 
a. Elastic Stability
 
The maximum compressive stress is due to bending. The
 
motor structure is assumed to be on "simple supports" and supported at the
 
skirts.
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(1) Geometric Parameters 
L = 1060 in. (Tangency Plane - Tangency Plane) 
= 1143 (Center to Center of Handling Rings) 
t = 0.603 in. 
E = 27.5 (10 6) psi 
propellant = 0.063 
lb/in. 
3 
Pcase = 0.289 lb/in. 
3 
R 
case 
= 130 in. 
(2) Critical Buckling Stress 
From Reference (7): 
With no internal pressure: 
R/t = 130/0.603 = 215 
L/R = 1142/130 = 8.78 
- (103) = 1.28 
= 35,200 psi (90% probability) 
For internal pressure: 
=i) 
222 
= 
27.5(106) 
(215) 2 = 0.00168 p 
(Reference (7) 
90% probability) 
p = 20 psi 
= 0.0336 
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(a )cr(
 
(0 .13) (2 .5) (106) = 16,600 psi 
Similarly,,
 
p= 50 psi 
(A acr) = 22,400 psi
 
p = 100' psi 
(A ac,) = 29,500 psi
 
b. Bending Stresses
 
In computing a design bending moment for the motor case
 
the propellant and chamber weights were assumed to be uniformly distributed
 
between the handling ring centerlines which were taken as 1142 in. apart. The
 
nozzle and TVC weights of 78,160 lb were assumed to be concentrated at a point
 
150 in. aft of the aft ring centerline. Based on these assumptions the maximum
 
moment can be approximated by the following expression:
 
(Wp + W k 150 £ 
max 8 WN (i 
(N + w)p 
P C - 75 N 
8N
 
Where: W = propellant weight 
p 
= 3,400,000 lb 
W = chamber weightc
 
= 227,140 lb 
WN =nozzle weight
 
= 78,160 lb 
£ 1142 in.
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4 = (3,400,000 + 227,140) 1142 75 (78,160)
max 8
 
= 5J 840,000 in.-lb
 
Mmax 
0
 
c (max) TR2t 
511.84 x 106 
= 7 (130)2(0.603) 
= 15,990 psi 
c. Shell pressure stress with
 
p = 100 psi
 
a PR 100 (130) -21500 psi

hoop t (0.603) 
merid =-= 10,750 psi
 
mrd 2t
 
d. -Allowable acceleration load without pressure.
 
I = 	 35,200 = 2.20 (90% probability) 
15,990 
e. Allowable acceleration load with internal pressure.
 
5bending = 15,990(g) 
- ameridional
 
Crtotal 

cr 
- 35,200 + (A 0) 
S pr
 
ocr tot t 2t
 
gallow 15,990
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II.B. Motor Case (cont)
 
p a 
internal, total, meridional, allowable 
psi psi psi (90% prob) 
20 51,800 2,150 3.37 
50 57,600 5,400 3.94 
100 64,700 10,750 4.72 
These data are depicted in Figure B-13 as "g" load
 
'capacity with increase in internal pressure.
 
f. Stiffening Effect of Propellant Core trom Reference (8) 
1( 2 E - 3/212(1 - v )propellant )
)

= 4 (1 ve Ecase
 
3 
 ~104E
 
1.81 Epropellant (215)3/2 - propellant 
2 2.75 (106) 106
 
= 

for Epropellant =200 psi for Epropellant 400 psi
 
2 )  - 2
 
i = 2.08 (10- l = 4.16 (10 )
 
- 2 - 2
 
cr_ 1 = 2 x 10 1 = 4 x 10 
"o - -o 
cr cr
 
' = 1.02 a o = 1.04 o 
cr cr cr cr
 
where o = critical buckling stress including the 
cr
 
stiffening effect of propellant. Therefore the stiffening effect of the pro­
pellant core provides approximately 1%/100 psi propellant modulus. This effect
 
will be conservatively neglected.
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4. Handling Methods 2 and 3
 
For Handling Methods 2 and S it was assumed that a central
 
support would be designed to react 1/3 of the total motor weight. For conserv­
atism and simplicity the total weight was taken as 3,985,300 lb, which includes
 
the handling rings, and this total weight was assumed to be uniformly distributed
 
over an effective length of 1160 in. This produces a distributed load of 3436
 
lb/in. An analysis of this condition indicates maximum bending moments of 2.57
 
x 108 in.-lb in the "spans" and 1.93 x 108 in.-lb at the center support. A
 
detail stress analysis of this condition is presented below:
 
a. "Beam" Bending Stresses
 
2.57 x 108
 
Cb (span) 
 ff(130) 2(0.603)
 
= 8030 psi
 
b. Local Stresses at Central Support
 
The local stresses due to the central support were evalu­
ated by means of a computer program to handle band loads on thin-walled cylinders
 
(9). For this solution, the 1,328,000 lb central reaction was assumed to be
 
supplied by uniform pressure over a 1200 arc 100 in. long, with this load reacted
 
at the ends of the cylinder. The combined loading diagrams for this and the
 
"beam" loading are indicated below:
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/80 
3 5// /'? 
zg 4oozoo
 
From the band load program the following maximum stresses were obtained:
 
Location
 
Type Stress Value (see above sketch)
 
Axial Compression 24,400 psi e = 45', X = 580 in.
 
Bending (hoop) t 44,890 psi e = 450, X = 580 in.
 
Bending (longitudinal) + 15,830 psi 6 = 45', X = 540 in.
 
C. Buckling Capability
 
For the purpose of this analysis it was assumed that the
 
critical buckling stress would be the same for the centrally supported conditions
 
as for the unsupported condition, i.e., acr = 35,200 psi. In addition, the
 
critical applied stress was considered to be the combination of axial compres­
sion from the band load solution and the axial compression from the beam bending
 
solution:
 
Oc (TOT.) = 24,400 + 8030
 
= 32,430 psi/"g"
 
it 35,200 
32,430 
= 1.09 (for unpressurized chamber) 
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d. Effect of Internal Pressure
 
As-indicated in the analysis of Condition 1 (End Rings
 
Only), internal pressure could be utilized to increase the allowable "g" loads
 
on the motor. A table indicating this increase for various pressure levels is
 
indicated below:
 
p a 
internal, Crtotal, amerid, Allowable 
psi psi psi (90% prob.) 
20 51,800 2,150 1.66 
50 57,600 5,400 1.94 
100 64,700 0,750 2.33 
These data are presented in Figure B-14 as "g" load
 
capacity with increase in internal pressure.
 
III. RESULTS
 
A. PROPELLANT GRAIN
 
1. Storage and Handling Method Comparison
 
The maximum propellant-liner bond stresses and bore strains
 
determined separately for each various load condition considered for the com­
parison of handling procedures are summarized in Table B-4. All of these data
 
0
 
were computed using the upper or lower bound modulus at 77 F; whichever gave
 
the greatest magnitude of stress or strain. Handling Methods 2 and 3 were
 
assumed to apply similar lateral pressure loading to the motor case. Also, as
 
previously indicated, these bond stresses and bore strains were obtained from
 
a completely bonded insulation configuration to facilitate data comparison by
 
eliminating local stress concentrations. The bore strains are basic values
 
which do not include the strain concentration effects in the fin region.
 
B-21 
III.A. Propellant Grain (cont)
 
Tables B-8 through -25 define the bore strain or deflection
 
and bond stress distributions in the motor for hoisting, vertical storage, hori­
zontal storage, and transportation by the proposed handling procedures. All
 
these stress values are separated inertia, thermal, or pressure stresses that,
 
have not been superimposed for the total stress condition.
 
a. Vertical Hoisting and Inverting
 
The maximum calculated bond stresses and basic bore
 
strains are shown in Table B-4. Tables B-8 and -18 give the stress and strain
 
distributions for the vertical storage inertia loads, The magnitude of the
 
stress and strains determined for the inverting condition were within the range
 
of those obtained for the vertical or horizontal solutions. Therefore these
 
data were not tabulated. Table B-4 shows that vertical hoisting and inverting
 
of the motor by the skirt structure produces no adverse conditions in the pro­
pellant grain.
 
b. Horizontal Transportation and Storage
 
Tables B-9 through -15 give the bond stress distributions
 
obtained for the horizontal support analyses. The corresponding basic bore
 
strain or deflection distributions are shown in Tables B-18 through -25.
 
Table B-5 gives the temperature and internal-pressure
 
stresses and strains combined with the 1 g horizontal transportation load values.
 
Table B-6 gives the similar data for horiiontal storage. A comparison is made
 
of the stresses and strains developed by Handling Methods 1, 2 and 3 at ambient
 
temperature both with and without internal pressurization. The allowable trans­
portation "g" load values in Table B-5 were based on the bond stress or bore
 
0
 
strain allowables at 77 F given in Table B-3.
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The above data show that the use 
of internal pressure in
 
the motor further increases the ability of the propellant grain insulation sys­
tem to withstand the bond tensions 
developed by the. acceleration loads. The
 
allowable transverse.accelerations for the skirt support.system (Handling Method 1)
 
is limited by the bond tensile stresses. The use of a lateral support system on
 
the motor case for transportation or storage conditions (Handling Methods 2and 3)
 
was found to produce much higher or excessive local bore strain in the propellant
 
grain than was produced by a skirt support system.
 
These higher strains were determined to be-the limiting
 
strength for an allowable motor acceleration load. The use 
of internal pressuri­
zation under this condition does not affect this allowable. It was noted that
 
increasing the contact angle of 
the lateral support reduces the basic bore strain.
 
The results of the plane strain solution for local (100 or
 
200 in.) 
lateral pressure support are included for comparison and because the
 
three-dimensional solution does not conveniently provide bond shear values. 
 The
 
three-dimensional solution provides a 
solution which accounts for the length and
 
edge effect of the local lateral pressure load. These results show that in­
creasing the length of the lateral support from 100 
to 200 in. does not appre­
ciably change 
the local maximum stress or strain values. However, the optimum
 
values of support length, external lateral pressure, and contact area combined
 
with skirt supports were not determined.
 
Tables B-5 and -6 show that horizontal transportation and
 
storage of the motor by the skirt structure is an acceptable method.
 
2 
 Skirt Supported Motor with Booted Insulation
 
The maximum bond stresses and bore strains calculated for
 
handling, storage, and firing pressure conditions of the motor with the pro­
posed insulation system are summarized in Table B-7. These data are for an
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operating temperature of 60'F and include the strain concentration effects of
 
the fins in the forward head. The strain concentration factors were Obtained
 
from (10) and are based on geometrical factors. Figures B-15 through 18 show
 
the stress and strain distributions associated with vertical storage, horizontal
 
storage, temperature change, and internal pressure. These results indicate that
 
the minimum margins of safety occur for the long-term, 3-year horizontal-storage
 
condition for both the bore strain and bond stresses. The maximum bond stresses
 
occur at the end of the aft boot near the tangency plane, whereas the highest
 
bore strain occurs at the edge of the fin slots. The high storage bond tensile
 
stress condition may be alleviated by using internal pressure for any long term
 
storage.
 
B. MOTOR CASE
 
1. Handling Method 1 assumes a simple support system at the
 
skirts. Allowable acceleration loads were determined by buckling allowables
 
based on a 90% probability as follows:
 
Internal g 
Pressure, Allowable Transverse 
psi Acceleration Load 
0 2.2 
20 3.4 
50 3.9 
100 4.7 
2. Handling Method 2 or 3 assume one finite length middle support
 
and two skirt supports equally loaded. Allowable acceleration loads were deter­
mined by buckling allowables based on a 90% probability as follows:
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Internal
 
Pressure, Allowable Transverse
 
psi Acceleration Load
 
0 1.1
 
20 1.7
 
50 1.9
 
100 2.3
 
3. The above data demonstrate that the use of a finite length
 
midsupport system instead of a skirt-support system will result in lower allow­
able transverse "g" loads. This condition is caused by the additional local
 
bending stresses developed in the shell structure at the support load reaction.
 
IV. SUMMARY AND CONCLUSIONS
 
A. The load and environmental conditions associated with the three
 
proposed handling procedures were determined. These data provided a basis for
 
establishing the structural analyses required for comparing the critical motor
 
stress and strain conditions. The analytical procedures used in these struc­
tural analyses were defined in detail.
 
B. The motor case and propellant grain configuration used in the anal­
yses were obtained from Douglas Report SM-51896 (4). The mechanical properties
 
of AMB-3105 propellant were used in the grain analyses.
 
C. The hammock-type lateral support proposed for Handling Method 3 was
 
assumed- to apply a constant external pressure distribution to the motor case
 
similar to the pneumatic bladder-pressure lateral support proposed for Handling
 
Method 2. Also, to facilitate the comparison of the insulation bond stresses
 
developed under the different handling procedures, a completely bonded system
 
was assumed in the analyses. Separate analyses were conducted for the actual
 
proposed insulation with booted heads and supported by the skirts.
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D. The propellant bond stresses and basic bore strains were determined
 
for Vertical hoisting, motor inverting, horizontal transportation, vertical
 
storages and horizontal storage by the proposed handling procedures. The results
 
of these data show:
 
1. Vertical hoisting and inverting the motor produces no adverse
 
conditions in the propellant grain.
 
2. The allowable transverse acceleration for the skirt support
 
system (Handling Method 1) is limited by bond tensile stresses. Horizontal
 
transportation and storage of the motor by the skirt structure (Handling Method 1)
 
is acceptable.
 
3-. The use of internal pressure further increases the ability of
 
the propellant grain insulation system to withstand the bond tensions developed
 
by acteleration loads.
 
4. The use of a lateral support system on the motor case for trans­
portation or storage conditions (Handling Method 2 or 3) was found to produce
 
much higher or excessive local bore strain in -the-propellant grain than a skirt
 
support system. These higher strains were determined to be the limiting factor
 
for an allowable motor acceleration load. The use of internal pressurization
 
under this condition does not affect this allowable. Increasing the length of
 
the lateral support from 100 to 200 in. did not appreciably change maximum bond
 
stresses or bore strain values. Increasing the contact angle of the support did
 
reduce the basic bore strain. However, the optimum value of support length,
 
external lateral pressure, and Contact area combined with skirt supports was not
 
determined.
 
E. The maximum bond stresses and bore strains for a motor with booted
 
insulation were calculated for handling, storage, and firing pressure conditions.
 
These results indicate:
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1. Minimum margins of safety occur for the long-term, 3-yr hori­
zontal-storage condition for both the bore strain and bond stresses,
 
2. The maximum bond stresses occur at the end of the aft boot
 
near the tangency plane, whereas the highest bore strain occurs at the edge of
 
the fin slots.
 
3. The high storage bond tensile stress condition may be allevi­
ated by using internal pressure for any long-term storage.
 
F. The analyses of the motor case structure determined that the use of
 
a finite-length midsupport system instead of a skirt support system will result
 
in lower allowable transverse "g" loads However, the allowable 2.2 g transverse
 
acceleration load determined for the skirt-onl5y support system is adequate for
 
any 260-in.-dia stage handling and transportation loads expected to be encoun­
tered. Motor internal pressurization could be used to increase the allowable
 
transverse acceleration load in the event design criteria are subsequently
 
established that exceed the 2,2 g level.
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TABLE B-I, - MOTOR CASE CONFIGURATION'AND MATERIAL PROPERTIES 
FOR 0'PELLANT GRAIN ANALYSIS 
Weight:
 
Weight propellant = 3,400,000 Ibs
 
Weight motor inert' = 305,300 lbs
 
Weight handling rings = 280,000 lbs
 
Weight total motor = 3,985,300 lbs
 
Pressure:
 
Chamber MEOP = 764 psi
 
Geometry: (Figure 3-6 of Report SM-51896)
 
Type - Monolithic, cylindrical w/hemispherical closures
 
I.D. = 260 inch
 
Length:
 
1 Skirt-Skirt = 1160 in.
 
2 Tangency plane-tangency plane = 1060 in.
 
Material Properties:
 
- 6 0
 
acase = 5.6 x 10 inlin/ F
 
t = 0.603 in. 
case
 
3
 
= 0.289 lb/in
 
Ecase = 27.5 x'106 psi
 
oae 

case
 
TABLE B-2. - 260-IN.-DIA MOTOR PROPELLANTMECHANICAL'PROPERTTES 
LOAD 
CONDITION 
HOISTING 
ATTITUDE 
VERTICAL 
TINE 
0.2 SeI, 
TEMP 
77 
MODULUS 
E (psi) 
Max. Min. 
700 200 
LIOISSON"S 
RTIO 
0.5 
NEAR-COEF. 
EXPANSION 
a 
(in/in/F) 
5.4 x 10 -5 
DENSITY 
p 
(Lb/In3 
.0635 
60 1140 260 
TRANSPORT HORIZONTAL 0.2 Sec. 
77 
60 
700 
1140. 
200 
260 
STORAGE VERTICAL 30 Day 
60 
77 
83 
78 
55 
54 
HORIZONTAL 30 Day 
60 
.77 
83 
78 
55 
54 
HORIZONTAL 30 Yr. 
60 
77 
74 
70 
50 
50 
STORAGE 
PRESSURE AXISYMMETRICALPRSUE77 30 Day 
60 83 
78 
55 
54 
FIRING 
PRESSURE AXISYMMETRICAL 0.2 See, 60 900 
THERMAL AXISYMMETRICAL 3 Yr. 
60 
77 
74 
70 
50 
50 
*Cure temperature = 1400 
TABLE .B-3. ANB-3105 PROPELLANT ALLOWABLE STRESS AND STRAIN* 
BORE STRAIN BOND NORMAL STRESS 
CONDITION TIME oAllow. 
0 
Allow. TAllow. 
() (psi) (psi) 
77°F .60°F 770F3 600F 770F 60°F 
HOISTING 
OR 0.2 Sep. 22 22 70- > .70 > 50 >'50 
TRANSPORT 
30 Day 12 12 28 30 22 23 
STORAGE 
3 Yr. 12, 12 20 24 15 17 
FIRING Sec. 35 34 - > 50' > 50 
*Reference Figures B-3 to -8 
TABLE B-4. - PROPELLANT GRAIN ANALYSIS FOR FULLY BONDED INSULATION
 
SYSTEM, SUMMARY OF STORAGE AND HANDLING ANALYSES,
 
MAXIMUM BORE STRAINS AND BOND STRESSES 
Location*** a.** Location*** N max. Location*** rmax. 
Maximum Basic Maximum Bond Maximum Bond 
LOAD *t 
CONDITION Time 
Strain 
Fig. Nodal 
Bore 
Strain 
Stress ' 
Fig. Elem. 
Normal 
Stress 
Stress 
Fig. Elm. 
Shear 
Stress 
B- Point ) B, (psi) B- (psi) 
VERTICAL HOISTING .2 Sec. 9 1-48 1.1' 9 '14-49 6.1 9 14-31 3.4 
MOTOR INVERTING .2 Sec. 
_ 9 143 0.74 9 '14-19 7.5 9 14-49 1.38 
45 9 1-43' 0.50 9 14-19 7.0 9 14-49 1.47 
- P 9 1-43 0.46 9 14-19 5.9 9 14-49 1.38 
HORIZONTAL 
TRANSPORT 
SKIRT SUPPORT 9 1-44 0.,84 9 14-20 6.7 9 14-12 1.1 
LATERAL SUPPORT 
•~ 
L = 1160"9 = 880 11 1-1 6.6 11 14-33 6.3 11 14-12 5.9 
° E. = 120 11 1-45 3.4 11 14-34 6.0 -11 14-15' 4.0 
6 5 ­1 2 1 11 1-46- 2.2 ii 14-35 5.4 11 14-19 2.5 
L= 100" 11 1-1 11.9 11 14-30 9.6 11 14-14 5.6 
6 -120' _ 
Elbo_ LL00".2006 120 ° .2 Sec. 11 1-1 7.0 11 14-33 6.3 11 14-14 2.9 
VERTICAL STORAGE 30 Days 9 1-48. 4.1- 9 14-49 6.1 9 '14-31 3.4 
HORIZONTAL 30 Days 
STORAGE 3 Yrs. ". 
SKIRT SUPPORT 9 1-42 '3.3 9 14-19 6,9, 9 14-12 1.1 
LATERAL SUPPORT ' .. . 
.~ 
L = 1160"6e=88 ° __ 11 1-30 7.5 11 14-45 7.2 ,11 14,12 .1.7 
6 = 120 i1 1-35 3.7 11 14-45 6.9 1 14-16 " .97 
_ 152- 11 1-46 -2.4 11 14-45 6.2 11 14-19 .71 
L 100" 11 1-46 13.6 11 14-42 5.8 11 14-16 1.1 
'"8 = 120' 
6 L = 200" 11 1-46 8.2 11 14-45 6.2 11 14-15 .75 
2 6=120' 
LATERAL 
SUPPORT (3-D) 
. E _= 0" 3 Yrs. 12 100 12.1 12 23 7.2 12 - aNot 
N4 6=-120- 3 rs ait. 
r0 E. L =200. Not 
o 6=1200 3Yrs. 12 100 11.9 12 23 7.2 12 ale. 
T SOR 3 Yrs. 9 1-30 .57 9 14-32 .26 9 14-49 .10 
INTERNAL -9.947 
PRESSURIZATION 30 Days 9 1-24 .07 9 14-22 (ai.. 9 14-49 .014 
AP = 10 psig compr.) 
* 	 0 = External Radial Load Overall Contact Angle 
= Inverting Angle From Horizontal Position 
All acceleration loads are 1.0 "g". 
** Fin strain concentration factor not included. 
*** Reference Figures E-9, -11, and -12. 
TABLE B-5. - PROPELLANT GRAIN ANALYSIS, COMPARISON OF HANDLING 
METHODS, HORIZONTAL TRANSPORTATION, MAXIMUM BORE
 
STRAIN AND BOND STRESSES 
• ** SNa. 
Oa.N max. m. 
CENTRAL Internal Loeation Basic Location Bond Lpcation Bond gs ** 
SUPPORT Motor Majomm Sore .Maximum Normal Maximum Shear Allowable 
HANDLING* Length Contact Pressure Strain Strain Sttedd Stress Stress Stress Accel. 
METHOD (in.) (nag.) (psi)' Fig B- N.P. (%)I/g ig B- Olem. (psi)/g ig 0 glen. (vsi)/u Load 
(i) SKIRT None None 0 9 1-30 4.32 9 14-20 8.1 9 14-12 1.2 10.2 
SUPPORT None None 10 9 1-30 4.39 9 14-20 -1,9 '9 14-12 1.2 11.7 
(20) LATERAL 
SUPPORT 
1160 88 0 11 1-1 10.2 11 14-33 7.9 11 14-12 6.3 2.8 
TOTAL MOTOR 1160 120 0 11 1-46 7.0 1 14-34 7.6 11 14-15 4.4 5.4 
- WEIGHT SUPPORTED -
. 
yBT LATERAL 
PRESSUREI 
1160 152 0 11 1-46 
-
1.9 
-
11 14-35 
-
7.0 ii 14-19 .2.9 8.4 
1160 88 10 11 1-1 10.3 11 14-33 -2.1 11 14-12 6.3 2.8 
1160 120 10 11 1-46 7.1 11 14-34 . -2.3 11 14-15 . 4.3 5.4 
1160 152 10 11 1-46 5.9 11 14-35 -2.9 11 14-19 .3.0 8.4 
1000 120 0 11 1-1 15.5 11 14-30 11.2 1i 14-14 6.0 1.5 
1/3 MOTOR 
WEI0T 
SU T 
200 120 0 11 1-1 10.6 11 14-33 7.9 ii 14-14 3.3 
2.6 
2.6 
S PPOR ED 
By LATERAL 100 120 10 11 1-1 15.6 11 14-30 1.3 11 14-14 6.1 - 1.5 
PRESSURE 
200 120 10 11 1-1 10.7 11 14-33 -2.0 11 14-14 3.4 2.6 
100 120 D 12 100 10.4 12 23 12.1 12 - 2.7 
1/3 MOTOR 
WEIGHT 200 120 0 12 100 10.3 12 23 12.1 12 - 2.7 
SUPPORTED 
BY LATERAL 100 120 10 12 100 10.5 12 23 2.1 12 - - 2.7 
PRESSURE 
200 120 10 12 100 10.4 12 23 2.1 12 - 2.7 
T = 140F; @ 77F AT = 63*F T = 77-F 
• Fin strain concentration factor not included. 
TABLE B-6. - PROPELLANT GRAIN ANALYSIS, COMPARISON OF HANDLING 
METHODS, HORIZONTAL LONG TERM STORAGE, MAXIMUM
 
BORE STRAIN AND BOND STRESSES 
HANDLING* 
METHOD 
CENTRAL 
SUPPORT 
Internal 
Motor 
Location 
Maximum 
max. 
Basic 
Bore 
*N 
Location 
Maximum 
Nmax. 
Bond 
Normal 
Location 
Maximum 
5 
eN .mx 
Bond 
Shear 
Length 
(in.) 
Contact 
(Deg.) 
Pressure 
(psi) 
Strain 
Fig B- N.P. 
Strain Stress 
(%) Wig BTElem. 
Stress Stre(p 
(psi) Fig B- Elen. 
Stress 
(psi) 
(1) SKIRT None None 0 9 1-30 6.6 9 14-19 8.2 9 14-12 1. 1 
SUPPORT None None 10 9 1-30 6.7 9 14-19. -1.8 9 14-12 1.1 
(2 0 3) LATERAL 
SUPPORT 
1160 88 0 11 1-30 11.1 11 14-45 8.8 11 14-12 2.1 
; TOTAL 1160 120 0 11 1-35 7.3 11 14-45 8.5 11 14-16. 1.4 
N MOTOR
WEIGHT 1160 152 0 11 1-40 6.0 11 14-45 7.8 11 14-19 1.2 
SUPPORTED 
SBy LATERAL 1160 88 10 
11_1_30 
11 1-30 11.2 11 14-45 -1.1 11 14-12 2.2 
PRESSURE 1160 120 10 11 1-35 7.4 11' 14-45* -1.4 11 14-16 1.4 
1160 152 10 11 1-46 6.1 11 14-45 -2.1 11 14-19' 1.2 
100 120 0 11 1-46 17.2 11 14-30 7.4 11 14-14 1.5 
SEIGHT 
n SUPPORTED 
200 120 0 11 1-46 11.8 11 14-33 7.8 11 14-14 1.2 
, L 100 120 10 11 1-46 17.3 11 14-30 -2.5 11 * 14-14' 1.6 
200 120 10 11 1-46 11.9 11.,14-33 
-2.1 11 14-14. 1.2 
1/3MOTOR I00 120 0 12 100 15.7 .12 23 8.8 12 - Not COale. 
WEIGHTSUPPORTED 200 120 0 12 100 15.5 12 23 8.8 12 - Not Calc. 
By LATERAL PRSSURE 100 120 10 12 00 15.8 12 23 -1.1 12 Not Cale. 
200 120 10 12 100 15.6 12 23 -1.1 112 - Not Cain. 
STure - 140*P;@ 77'F AT= -63'F 
0* Fin strain concentrationfactornot included.
 
TABLE B-7. 
- INSULATION SYSTEM WITH RELEASED HEADS - STORAGE, TRANSPORTATION, 
AND FIRING - PROPELLANT GRAIN ANALYSIS RESULTS - MAXIMUM BORE 
STRAIN AND BOND STRESSES 
t 
0 M~a. lllow. Hw 
Max. 'Allow. Now. Allow.Motor Load 0 Modulus Location Basic Allow. Location Hodn Allow. Lo HAttirude Condition Time (pwi) Naioum Rora Bore Mximum Normal Bond Laioo Shear od
M-x/ Strain Strain Strain stess srs esl ha
 
Se lila-.26-0P 2 0 .. Pg -Fo. (o) (a) NHPi~Ha. fo'(o) NH 
VRTICAL I --
l-gR E wy HII30 ' 21 2.1 12 High 14-42 1.1 30 High 14-41 l.H 231+1. 
STRAGE H 164/ 2-23 7.0 12 
 1.10 14-42 66.8 10. 14-14 18.8"r230 +H.0h
 
12011 11 HI/I6.1. >5D Hg 
l-gIZ 835 10 -1 6.5 11STORAG 
 0.81. 14-42 21.1 30 +0.20, 14-14 ll.H 1 +1H 
STORAGE 3 74/50 
 2-21 6.H 12 0.77 
 14-42 24 24 0 
 4-14 l.. 1 
 +0.17
 
VERTICAI .2 H09 10 2-24 4.2 
 34 High 10 - (COMPRESSIOI 1 14-17 3.4 > 50 High 
p 764 se. 
0Tce - 140'F; AT=-80-F T = 60'F* 
>This condition considers an additional 1 g acceleration load applied In 0.2 sec. to a 0ot conditioned to 60oF. This results in a total of 
2 g'a combinedwith the thermal conditio. Tho alowahlew for this odition are based on high rate test data. 
13 
TABLE B-8. - PROPELLANT-INSULATION BOND STRESSES, 1-G AXIAL LOAD
 
Location* o Bond T Bond Location a Bond T Bond 
(Element Bond Normal Bond Shear Element Bond Normal Bond Shear 
Number) Stress Stress Number Stress Stress 
(psi) (psi) (psi) (psi) 
1 -4.958 2.028 26 -.126 3.341 
2 -4.093 2.224 27 -.180 3.367 
3 -4.439 1.636 28 .013 3.388 
4 -4.897 1.309 29 -.073 3.40 
5 -4.622 1.158 30 -.110 3.411 
6 -4.421 1.149 31 .034 3.415 
7 -3.760 1.219 32 .212 3.415 
8 -3.294 1.313 33 .115 3.408 
9 -2.377 1.451 34 .308 3.397 
10 -1.683 1.636 35 .200 3.377 
11 -1.088 1.901 36 .424 3.350 
12 - .592 2.124 37 .327 3.311 
13 - .658 2.43 38 .609 3.274 
14 - .507 2.721 39 .463 3.228 
15 - .716 2.915 40 .772 3.172 
16 - .652 3.039 41 .618 3.091 
17 - .958 3.081 42 .960 2.992 
18 - .719 3.101 43 .7951 2.841 
19 - .901 3.114 44 1.028 2.569 
20 - .479 3.125 45 .8637 2.316 
21 - .833 3.132 46 2.32 2.124 
22 - .346 3.142 47 2.53 1.998 
23 - .591 3.181 48 3.89 2.502 
24 - .331 3.249 49 6.07 3.215 
25 - .331 3.302 
* Refer to Figure B-9 T = 770F
 
E = 700 psi
 
TABLE B-9. - PROPELLANT-INSULATION BOND STRESSES, HORIZONTAL SKIRT SUPPORT
 
Location* o Bond T Bond Location a Bond T Bond
 
Element Bond Normal Bond Shear Element Bond Normal Bond Shear
 
Number Stress Stress Number Stress Stress
 
Sta. 1800 Sta. 90' Sta. 180' Sta. 900
 
(psi) (psi) (psi) (psi)
 
1 .078 .164 26 6.516 .470
 
2 .519 .341 27 6.508 .466
 
3 1.468 .435 28 6.527 .466
 
4 2.43 .521 29 6.514 .470
 
5 3.206 .613 30 6.501 .470
 
6 3.741 .691 31 6.488 .473
 
7 4.219 .785 32 6.486 .478
 
8 4.430 .858 33 6.457 .483
 
9 4.660 .924 34 6.449 .490
 
10 4.706 .983 35, 6.414 .499
 
11 5.131 1.068 36 6.399 .510
 
12 5.117 1.101 37 6.331 .527
 
13 4.852 1.035 38 6.296 .548
 
14 5.034 .970 39 6.158 .576
 
15 5.553 .882 40 6.073 .608
 
16 6.008 .795 41 5.879 .647
 
17 6.26 .735 42 5.827 .691
 
18 6.439 .672 43 5.484 .740
 
19 6.620 .627 44 5.630 .812
 
20 6.692 .591 45 5.331 .830
 
21 6.557 .568 46 5.054 .770
 
22 6.573 .548 47 4.408 .732
 
23 6.592 .524 48 3.558 .708
 
24 6.522 .493 49 2.704 .802
 
25 6.513 .478
 
* Refer to Figure B-9 T = 77°F 
E = 700 psi 
FECEDNG PAGE BLANK NOT FILMED, 
TABLE B-11. - PROPELLANT-INSULATION BOND STRESSES, LATERAL SUPPORT
 
ENTIRE LENGTH OF MOTOR, RADIAL CONTACT ANGLE = 120'
 
Location * o Bond T Bond Location a Bond T Bond 
(Element Bond Normal Bond Shear Element Bond Normal, Bond Shear 
Number) Stress Stress Number Stress Stress 
(psi) (psi) (psi) (psi) 
1 -9.84 1.910 26 4.407 .929 
2 -8.236 1.992 27 4.662 1.183 
3 -5.675 2.379 28 4.94 1.423 
4 -5.74 1.711 29 5.138 1.634 
5 -5.328 1.627 30 5.338 1.803 
6 -5.174 1.642 31 5.517 1.933 
7 -5.119 1.734 32 5.654 2.039 
8 -5.111 1.859 33 5.779 2.116 
9 -5.143 1.987 34 5.991 1.684 
10 -5.152 2.125 35 5.80 2.114 
11 -5.057 2.309 36 5.752 2.04 
12 -4.605 2.619 37 5.687 1.924 
13 -3.611 3.071 38 5.624 1.773 
14 -1.837 3.590 39 5.531 1.596 
15 .591 3.954 40 5.447 1.397 
16 2.967 3.839 41 5.326 1.179 
17 4.505 3.259 42 5.187 .949 
18 5.122 2.534 43 5.015 .712 
19 5.088 1.881 44 4.82 .475 
20 4.796 1.352 45 4.647 .281 
21 4.416 .934 
22 4.09 .611 
23 3.868 .422 
24 3.917 .464 
25 4.122 .673 
• Refer to Figure B-11 T = 77'F 
E = 700 psi 
TABLE B-12. - PROPELLANT-INSULATION BOND STRESSES, LATERAL SUPPORT
 
ENTIRE LENGTH OF MOTOR, RADIAL CONTACT ANGLE = 152'.
 
Location * a Bond 
Element Bond-Normal 
Number Stress 
(psi) 
1 -7.049 

2 -6.341 

3 -5.66 

4 -5.303 

5 -5.15 

6 -5.109 

7 -5.102 

8 -5.107 

9 -5.125 

10 -5.153 

11 -5.198-

12 -5.237 

13 -5.268 

14 -5.251 

15 -5.097 

16 -4.644 

17 -3.703 

18 -2.059 

19 .195 

20 2.445 

21 4.014 

22 4.767 

23 4.948 

24 4.883 

25 4.757 

* Refer to Figure B-11 

T Bond Location 

Bond Shear Element 

Stress Number 

(psi) 
.605 26 

.724 27 

.730 28 

.690 29 

.651 30 

.643 31 

.669 32 

.715 33 

.767 34 

.815 35 

.855 36 

.897 37 

.953 38 

1.035 39 

1.188 40 

1.448 41 

1.818 42 

2.236 43 

2.524 44 

2.448 45 

2.032
 
1.524
 
1.086
 
.762
 
.562
 
T P 77°F
 
E = 700 psi
 
a Bond T Bond
 
Bond Normal Bond Shear
 
Stress, Stress
 
(psi) (psi) 
4.702 .489
 
4.723 .522
 
4.816 .616
 
4.912 .727
 
5.025 .834
 
5.138 .929,
 
5.235 1.014
 
5.324 1.083
 
5.365 1.125
 
5.389, 1.133
 
5.388 1.115
 
5.375 1.072
 
5.354 1.006
 
5.313 .920
 
5.270 .819
 
5.203 .703
 
5.124 .579
 
5.029 .500
 
4.928 .327
 
4.849 .238
 
TABLE B-13. - PROpELLANT-INSULATION BOND STRESSES, LATERAL SUPPORT 1/3 WEIGRT
 
MOTOR, CONTACT ANGLE = 120, CONTACT LENGTH = 100 IN. 
Location * o Bond T Bond Location o Bond T Bond 
(Element Bond Normal Bond Shear Element Bond Normal Bond Shear 
Number) Stress Stress Number Stress Stress 
(psi) (psi) (psi) (psi) 
1 -7.08 .055 26 2.412 .140 
2 -6.947 .169 27 2.756 .132 
3 -6.784 .287 28 3.147 .192 
4 -6.590 .406 29 3.533 .270 
5 -6.358 .522 30 3.894 .345 
6 -6.093 .634 31 4.226 .413 
7 -5.787 .739 32 4.526 .468 
8 -5.447 .835 33 4.793 .511 
9 -5.065 .920 34 5.027 .540 
10 -4.652 .991 35 5.228 .552 
11 -4.119 1.050 36 5.402 .552 
12 -3.713 1.094 37 5.547 .542 
13 -3.197 1.126 38 5.658 .521 
14 -2.668 1.137 39 5.736 .487 
15 -2.127 1.126 40 5.787 .442 
16 -1.591 1.093 41 5.813 .388 
17 -1.066 1.040 42 5.819 .330 
18 -.566 .967 43 5.808 .271 
19 -.091 .880 44 5.789 .219 
20 .352 .782 45 5.771 .186 
21 .764 .673 
22 1.142 .559 
23 1.491 .442 
24 1.812 .327 
25 2.113 .220 
* Refer to Figure B-li T m 77°F 
E = 50 psi 
TABLE B-14. - PROPELLANT-INSULATION BOND STRESSES, LATERAL SUPPORT 1/3 WEIGHT 
MOTOR. CONTACT ANGLE = 1200, CONTACT LENGTH = 200 IN. 
Location * o Bond T Bond Location a Bond T Bond 
(Element Bond Normal Bond Shear Element Bond Normal Bond Shear 
Number) Stress Stress Number tra $trels 
1 -6.831 .040 26 2.035 .218 
2 -6.730 .113 27 2.368 .157 
3 -6.595 .189 28 2.689 .100 
4 -6.428 .265 29 2.998 .048 
5 -6.226 .339 30 3.307 .013 
6 -5.993 .410 31 3.670 .048 
7 -5.725 .477 32 4.017 .086 
8 -5.427 .539 33 4.339 .118 
9 -5.096 .594 34 4.635 .144 
10 -4.737 .641 35 4.904 .159 
11 -4.349 .680 36 5.150 .169 
12 -3.933 .710 37 5.369 .176 
13 -3.494 .735 38 5.560 .178 
14 -3.039 .749 39 5.721 .175 
15 -2.572 .750 40 5.,856 .167 
16 -2.101 .738 41 5.964 .156 
17 -1.631 .715 42 6.048 .143 
18 -1.167 .681 43 6.108 .130 
19 -.715 .639 44 6.146 .119 
20 -.275 .589 45 6.165 .113 
21 .150 .533 
22 .559 .473 
23 .952 .410 
24 1.329 .346 
25 1.690 .281 
* Refer to Figure B-Il T = 77'F 
E = 50 psi 
TABLE B-15. - PROPELLANT-INSULATION BOND NORMAL STRESSES, THREE DIMENSIONAL 
ANALYSIS LATERAL SUPPORT 1/3 WEIGHT MOTOR; CONTACT ANGLE =-120' 
Location* o Bond
 
(Element Max. Bond Normal Stress
 
Number) (psi)
 
Length = 100" Length = 200"
 
7 	 6.89 6.89
 
15 	 6.85 6.85
 
23 	 7.19 7.19
 
31 	 7.04 7.04
 
39 	 6.95 '6.95
 
47 	 6.91 6.91
 
55 	 6.85 6.85
 
63 	 6.77 6.78
 
71 	 6.71 6.75
 
79 	 6.74 6.75
 
87 	 6.79 6.73
 
95 6.72 6.66
 
103 6.53 6.55
 
ill 6.39 6.42
 
119 6.32 6.33
 
127 	 6.26 6.26
 
135 	 6.20 6.20
 
143 6.06 6.06
 
151 5.79 5.79
 
159 5.80 5.80
 
* 	 Refer to Figure B-12 T = 77°F 
E = 50 psi 
TABLE B-16. - PROPELLANT-INSULATION BOND STRESSES, TENW'ERATUE CHANGE AT = -10'F 
Location* a Bond T Bond Location a Bond T Bond 
(Element Bond Normal Bond Shear Element Bond Normal= Bond Shear 
Number) Stress Stress Number Stress Stress 
(psi) (psi) (psi) (psi) 
1 .139 .072 26 .249 .013 
2 .089 .068 27 .251 .009 
3 .091 .043 28 .259 .006 
4 .112 ,028 29 .257 .004 
5 .113 .017 30 .262 .001 
6 .118 .013 31 .258 .001 
7 .114 .010 32 .260 .004 
8 .117 .011 33 .252 .006 
9 .112 .009 34 .252 .008 
10 .113 .011 35 .240 .010 
11 .099 .012 36 .238 .013 
12 .101 .018 37 .222 .016 
13 .097 .031 38 .217 .019 
14 .114 .046 39 .196 .021 
15 .135 .055 40 .190 .023 
16 .170 .058 41 .167 .024 
17 .180 .056 42 .163 .025 
18 .202 .051 43 .135 .026 
19 .209 .044 44 .130 .026 
20 .226 .038 45 .098 .028 
21 .216 .034 46 .131 .033 
22 .230 .030 47 .110 " .040 
23 .223 .026 48 .121 .069 
24 .230 .021 49 .190 .106 
25 .237 .017 
* Refer to Figure'B-9 T = 77'F 
E = 70 psi 
TABLE B-17. - PROPELLANT-INSULATION BOND STRESSES, PRESSURE = 
10 PSI
 
Location* a Bond T Bond Location o Bond T Bond 
(Element Bond Normal Bond Shear Element Bond Normal Bond Shear 
Number) Stress Stress Number Stress Stress 
(psi) (psi) (psi) (psi) 
1 
-9.991 .007 26 
-9.966 .001 
2 
-9.989 .004 27 
-9.966 .001 
3 
-9.986 .006 28 
-9.966 .001 
4 
-9.991 .004 29 
-9.967 .000 
5 
-9.987 .000 30 
-9.963 .000 
6 
-9.987 .005 31 
-9.966 .000 
7 
-9.990 .001 32 
-9.965 .001 
8 
-9.987 .004 33 
-9.967 .001 
9 
-9.993 .000 34 
-9.966 .001 
10 
-9.999 .005 35 
-9.969 .001 
11 
-9.990 .005 36 
-9.968 .002 
12 
-9.976 .004 37 
-9.970 .002 
13 
-9.980 .006 38 
-9.971 .002 
14 
-9.982 .007 39 
-9.976 .003 
15 
-9.981 .009 40 
-9.973 .003 
16 
-9.977 .008 41 
-9.980 .003 
17 
-9.974 .008 42 
-9.977 .003 
18 
-9.971 .009 43 
-9.984 .003 
19 
-9.978 .007 44 
-9.972 .005 
20 
-9.974 .003 45 
-9.988 .000 
21 
-9.957 .001 46 
-9.984 .001 
22 
-9.947 .012 47 
-9.998 .005 
23 
-9.966 .005 48 
-9.995 .007 
24 
-9.969 .002 49 
-9.964 .017 
25 
-9.969 .002 
* Refer to Figure B-9 T = 77*F 
E = 90 psi­
TABLE B-18.. - PROPELLANT BASIC BORE STRAINS, AXISYMMETRICAL SOLUTION 
BONDED, INSULATION SYSTEM 
Location * E Basic' e:Basict e Basic 
(Nodal 1-G Axial AT: - lOrE p ='10-psi 
Point) E' 200 E: 7=0 E'= 90' 
S(%" (, 
23 -.103 ..457 .063, 
24 -.0801 .504 .067 
25 -.059 .524 .065, 
26 -.041 .536, .064 
27 -.027 .547 .064 
28 -. 015 .555 .064 
29 -.006 .561 .065 
30 -.003 .565 .066, 
31 .012 .563 .064 
32 .020 .559, .066 
33 .027' .553 .064 
34 .035 .545 .063 
35 .042 .531 .062 
36 .052 .519 .061 
37 .062 ,501 .060 
38 .075 .488 .058 
39 .084 .450 .053 
40 .093 .416' .049 
41 .103 .383' .046 
42 .115 .351 .044 
43 .132 .320 .042 
44 .167 .289 .041 
45 .232 .263 .035 
46 .260 .256 .033 
47 .313 .242 .028 
48 .318 .210 .025 
49 .209 .131 .020 
50. .035 .046 .015 
* Refer to Figure B-9 T = 77*F 
TABLE B-19. - PROPELLANT BASIC BORE STRAIN, HORIZONTAL THREE YEAR 
STORAGE, SKIRT SUPPORT 
-Location Et Basic 
(Element- I-G Transverse 
Number) Station 1800* 
E = 50 
(%) 
23 3.25 
24 3.20 
25 3.13 
26 3.09 
27 3.07 
28 3.07 
29 3.07 
30 3.07 
31 3.08 
32 3.09 
33 3.10 
34 3.11 
35 3.13 
36 3.15 
37 3.17 
38 3.20 
39 3.23 
40 3.27 
41 3.29 Station 1800 at top 
42 3.31 of motor. 
43 3.30 Refer to Figure B-9 
44 3.26 
45 3.21 
46 3.12 
47 2.87. 
48 2.35 
49 1.55 
T = 77'F 
TABLE B-20. - PROPELLANT BORE DEFLECTIONS, LATERAL SUPPORT ENTIRE LENGTH OF 
MOTOR, RADIAL CONTACT ANGLE = 88*F, SUPPORT LENGTH = 1160 IN. 
Location 

(Nodal 

Point) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

AX 

Displ. 

(in.) 

0 

.113 

.226 

.338 

.448 

.555 

.660 

.761 

.857 

.949 

1.035 

1.115 

1.189 

1.255 

1.313 

1.363 

1.405 

1.439 

1.464 

1.481 

1.489 

1.4886 

1.481 

1.465 

1.442 

AY Location 

Disp. (Nodal 

(in.) Point) 

-1.098 26 

-1.105 27 

-1.124 28 

-1.157 29 

-1.201 30 

-1.257 31 

-1.323 32 

-1.400 33 

-1.485 34 

-1.577 35 

-1.677 36 

-1.781 37 

-1.889 38 

-2.000 39 

-2.114 40 

-2.227 41 

-2.341 42 

-2.454 43 

-2.565 44 

-2.674 45 

-2.780 46 

-2.882
 
-2.982
 
-3.078
 
-3.170
 
T = 77QF
 
E = 700 psi
 
AX 

Displ. 

(in) 

1.412 

1.376 

1.334 

1.286 

1.233 

1.175 

1.113 

1.047 

.977 

.905 

.830 

.752 

.673 

.592 

.510 

.426 

.342 

.257 

.172 

.0859 

0 

AY
 
Displ.
 
(in)
 
-3.258
 
-3.342
 
-3.422
 
-3.499
 
-3.571
 
-3.640
 
-3.705
 
-3.765
 
-3.821
 
-3.874
 
-3.922
 
-3.965
 
-4.005
 
-4.039
 
-4.070
 
-4.096
 
-4.117
 
-4.133
 
-4.145
 
-4.152
 
-4.155
 
' TABLE B-21. - PROPELLANT BORE' DEFLECTIONS, LATERAL SUPPORT ENTIRE LENGTH OF-
MOTOR, RADIAL CONTACT ANGLE =,120o, SUPPORT LENGTH = 1160 IN. 
Location AX AY Location AX AY­
(Nodal Displ. Displ. (Nodal Displ. Displ. 
Point) (in.) (in.) Point) (in.) (in.) 
1 0 -.475 26 1.005 -1.799 
2 .058 -.478 27 .989 -1.864 
3 .116 -.487 28 .968 -1.925 
4 .175 -.503 29 .941 -1.985 
5 .233 -.525 30 .909 -2.041 
6 .291 -.552 31 .872 -2.095 
7 .349 -.585 32 .831 -2.145 
8 .407 -.624 33 .787 -2.193 
9 .465 -.668 34 .738 -2.237 
10 .522 -.716 35 .687 -2.279 
11 .578 -.769 36 .632 -2.317 
12 .633 -.825 37 .575 -2.351 
13 .687 -.886 38 .516 -2.382 
14 .738 -.950 39 .456 -2.410 
15 .787 -1.016 40 .393, -2.434 
16 .832 -1.085 41 .330 -2.454 
17 .874 -1.156 42 .265 -2.471 
18 .911 -1.229 43 .199 -2.484 
19 .943 -1.302 44 .133 -2.494 
20 .970 -1.376 45 .067 -2.499 
21 .991 -1.449 46 0 -2.501 
22 1.007 -1.522 
23 1.015 -1.594 
24 1.018 -1.664 
25 1.014 -1.733 
T = E = 77 
9 
F
700 psi 
TABLE B-22. - PROPELLANT BORE DEFLECTIONS, LATERAL SUPPORT ENTIRE LENGTH OP. 
MOTOR, RADIAL CONTACT ANGLE 152, SUPPORT LENGTH = 1160 IN. 
Location AX AY Location AX AY 
(Nodal Displ. Displ. (Nodal Displ. Displ 
Point) (in.) (in.) Point) (in.) (in.) 
1 0 -.048 26 .516 -.568 
2 .012 -.049 27 .522 -.604 
3 .024 -.052 28 .524 -.640 
4 .036 -.056 29 .521 -.675 
5 .049 -.062 30 .514 -.709 
6 .063 -.070 31 .503 -.742 
7 .079 -.079 32 .488 -.774 
8 .095 -.090 33 .468 -.804 
9 .113 -.103 34 .446 -.833 
10 .133 -.117 35 .420 -.859" 
11 .154 -.133 36 .391 -.884 
12 .177 -.151 37 .359 -.906 
13 .202 -.170 38 .325 -.927 
14 .229 -.191 39 .289 -. 945 
15 .256 -.214 40 .251 -.961 
16 .285 -.239 41 .211 -.974 
17 .315 -.266 42 .170 -.985 
18 .344 -.294 43 .129 -.994 
19 .373 -.324 44 .086 -1.000 
20 .401 -.356 45 .043 -1.004 
21 .428 -.389 46 0 -1.005 
22 .452 -.423 
23 .473 -.459 
24 .491 -.495 
25 .506 -.531 
T 770F
 
E = 700 psi
 
TABLE B-23. "P ROPELLANT BORE DEFLECTIONS, LATERAL SUPPORT ENTIRE LENGTH OF 
MOTOR, RADIAL CONTACT'ANGLE = 120', SUPPORT LENGTH 100 IN. 
Location AX 
(Nodal Displ. 
Point) (in.) 
1 0 
2 .184 
3 .259 
4 .369 
5 .476 
6 .588 
7 .700 
8 .813 
9 .924 
10 1.034 
11 1.143 
12 1.249 
13 1.351 
14 1.449 
15 1.542 
16 1.629 
17 1.708 
18 1.780 
19 1.843 
20 1.896 
21 1.938 
22 1.970 
23 1.990 
24 1.999 
25 1.996 
AY Location 

Displ. (Nodal 

(in.)- Point) 

-.534 26 

-.591 27 

-. 655 28 

-. 676 29 

-.718 30 

-. 765 31 

-.824 32 

-.892 33 

-. 969 34 

-1.055 35 

-1.149 36 

-1.250 37 

-1.359 38 

-1.473 39 

-1.594 40 

-1.719 41 

-1.849 42 

-1.981 43 

-2.117 44 

-2.254 45 

-2.392 46 

-2.531
 
-2.671
 
-2.809
 
-2.947
 
T = 77'F
 
E = 700 psi
 
AX AY 
Displ. Displ, 
(in.) (in.) 
1.981 -3.082 
1.955 -3.216 
1.917 -3.347 
1.869 -3.475 
1.810 -3.600 
1.J41 -3.720 
1.664 -3.836 
1.577 -3.947 
1.483 -4.053 
1.382 -4.153 
1.275 -4.246 
1.162 -4.332 
1.044 -4.411 
.922 -4.482 
.797 -4.545 
.668 -4.598 
.537 -4.643 
.405 -4.678 
.270 -4.703 
.135 -4.718 
0 -4.723 
TABLE B-24. - PROPELLANT BORE DEFLECTIONS, LATERAL SUPPORT ENTIRE LENGTH OF 
MOTOR, RADIAL CONTACT ANGLE = 120', SUPPORT LENGTH'= 200 IN. 
Location AX 

(Nodal Displ. 

Point) (in.) 

1 0 

2 .085 

3 .120 

4 .171 

5 .221 

6 .274 

7 .327 

8 .380 

9 .433 

10 .486 

11 .538 

12 .590 

13 .640 

14 .689 

15 .735 

16 ..779 

17 .820 

18 .857 

19 .890 

20 .918 

21 .942 

22 .960 

23 .972 

24 .979 

25 .981 

AY Location 

Displ. (Nodal 

'(in.) Point) 

-.230 26 

-.256 27 

-.287 28 

-.299 29 

-.321 30 

-.346 31 

-.378 32 

-.414 33 

-.455 34 

-.500 35 

-.550 36 

-.604 37 

-.661 38 

-.721 39 

-.783 40 

-.848 41 

-.915 42 

-.983 43 

-1.052 44 

-1.121 45 

-1.190 46 

-1.260
 
-1.328
 
-1.396
 
-1.463
 
T = 77*F
 
E = 700 psi
 
AX AY
 
Displ. Displ.
 
(in.) (in.)
 
.976 -1.528
 
.966 -1.592
 
.950 -1.654
 
.928 -1.715
 
.901 -1.773
 
.869 -1.828
 
.832 -1.882
 
.790 -1.932
 
.745 -1.980
 
.695 -2.025
 
.643 -2.066
 
.587 -2.105
 
.528 -2.139
 
.467 -2.170
 
.404 -2.198
 
.339 -2.221
 
.273 -2.240
 
.206 -2.256
 
.138 -2.266
 
.069 -2.273
 
0 -2.275
 
TABLE B-25. - PROPELLANT BASIC BORE STRAIN, THREE DIMENSIONAL ANALYSIS, 
LATERAL SUPPORT 1/3 WEIGHT MOTOR, CONTACT ANGLE 1200 
Location* 	 EBasic
 
(Element Max Basic Bore Strain
 
Number) 
 (%)
 
Length = 100" Length = 200"
 
1 1.2 1.2
 
9 2.5 2.5
 
17 3.7 3.7
 
25 5.0 4.9
 
33 6.2 6.2
 
41 7.3 7.2
 
49 8.4 8.3
 
57 9.4 9.4
 
65 10.4 10.4
 
73 11.3 11.2
 
81 11.9 11.7
 
89 12.1 11.9
 
97 11.8 11.7
 
105 11.2 11.2
 
113 10.5 10.4
 
121 9.6 9.6
 
129 8.6 8.5
 
137 7.2 7.1
 
145 5.6 5.5
 
153 3.7 3.7
 
* 	 Refer to Figure B-I1 T = 770)
 
E = 50 psi
 
2 G8 5-V 90 -V/D A 
S572 274 -35 
Fon2
 
Figure B-1. -Propellant Grain Configuration of 260-in.-dia Motor 
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Figure B-2. - Master Relaxation Curve, ANB-3105 Propellant
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Figure B-3. - Time-Temperature Shift Factor for ANB-3105 Propellant 
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Figure B-4. - Initial Modulus vs Reduced Strain Rate for ANB-3105 Propellant 
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Figure B-5. - Allowable Bond Stresses for ANB-3105 Propellant 
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Figure B-6. - Allowable Storage Strain for ANB-3105 Propellant 
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Figure B-7. - Allowable Strain for High Rate Acceleration
 
Loading for ANB-3105 Propellant
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Figure B-8. - Allowable Strain for Firing for ANB-3105 Propellant 
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Figure B-9. - Axisymemetrical Analysis Configuration With Fully Bonded Insulation 
260-in.-dia Propellant Grain and Chaaber Finite Eleaent Grid System 
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Figure B-10. -Axisymmetrical Analysis Configuration With Booted Insulation,
 
260-in.-dia Propellant Grain and Chamber Finite Element Grid System
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Finite Element Grid Used in Plane Strain Analysis of
 
Propellant Grain Cross Section
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Figure B-12. - Nonaxisymmetric Load-Analysis, Configuration 
with Fully Bonded Insulation, 
260-in-dia Stage, 
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Finite Element Grid System 
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Figure B-13. - 260-in.-dia Motor With Booted Insulation and Skirt Support 
Propellant Bond Stress and Bore Strain Distribution 
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I 
12 - 0 2 6 
'' " 
10 25 
I I 
I II - -~L25 
p
I 
20 t 
-_ 
I 27009o 
6 r 15 DONESTRAIN 2° 3 
*020donSa Stress at Station 90P 
o op o r Strain at Station 180 0 
2 54 
S 0 2-1o-eo ° 
0 600 8 20012 0 
3otor Station - -
Figure B-14. - 260-in.dia Motor With Booted Insulation and Skirt Support 
Propellant Bond Stress and Bore Strain Distribution 
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Figure B-15. - 260-in.-dia Motor With Booted Insulation and Skirt Support 
Propellant Bond Stress and Bore Strain Distribution 
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Figure B-16. - 260-in.-dia Motor With Booted Insulation and Skirt Support 
Propellant Bond Shear Stress and Bore Strain Distribution 
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Figure B-17. - Permissible g Load vs Internal Pressure for 260-in.-dia Mo~or
 
in Horizontal Position and Supported Only by End Rings on Skirts
 
(Distance Between Supports taken as 580 in. and
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TASK I, HANDLING-METHOD ASSESSMENT AND TRADE STUDi
 
I. INTRODUCTION
 
This appendix provides the results of the comparative assessment of the
 
major elements included in the three handling methods identified in Task I and
 
the engineering trade-study accomplished to select the optimum handling method.
 
The major elements of each handling method were evaluated, rather than each of
 
the three handling methods in total, so that the optimum elements of either
 
handling method could be selected in the trade-study to form the optimum handling
 
method.
 
The assessment criteria and the engineering trade-study are shown in
 
table form. Where applicable, back-up information relative to each assessment
 
criterion are provided following the criterion assessment summary table. The
 
assessment criteria are presented in the tables listed below:
 
Total Estimated Recurring and Nonrecurring Cost - Table C-1 
Estimated Cost for Flexibility 
- Table C-2 
Risk of Unsuccessful Development 
- Table C-3 
Risk of Motor Damage Due to Imposed Loads, 
- Table C-4 
Weather and Human Factors 
Logistics and Schedule Problems 
- Table C-5 
Safety Hazards 
- Table C-6 
Development Time 
- Table C-7 
The results of the comparative assessments were included in the engineer­
ing trade-study (Table C-8). The assessment criteria were weighted in the trade­
study according to the relative importance of each criterion. The selection of
 
the optimum handling method, based on the trade-study results, is as follows:
 
C-1
 
I. Introduction (cont)
 
2000-ton derrick at DCP
 
Roll-Ramp mobile gantry at KSC
 
New transport barge
 
Truck-rail stage transporter
 
Internal pressure mid-cylinder support (if required)
 
C-2 
TABLE C-I - TOTAL ESTIMATED RECURRING AND NONRECURRING COSTS
 
(EXCLUDING DESIGN COSTS)
 
Tooling, Equipment and Facilities
 
Winch 2000-Ton
 
System Derrick Gantry ARD New Roller Truck-Rail Midcylinder Support
 
Item DCP, Onl DCP KSC DCP KSC Barge Barge Transporter Transporter Pressure Bladder Sling
 
Total Cost 56.5 90 90 31.9 63.2 90 59.6 90 71.5 90 24.6 42.9
 
TABLE C-2 - ESTIMATED COST FOR FLEXIBILITY
 
Tooling, Equipment and Facilities
 
Winch 2000-Ton 
It 
6 
m 
System 
DCP, Only 
Derrick 
C KSC 
Gantry 
DCP KSC 
ARD 
Barge 
New 
Barge 
Roller 
Transporter 
Truck-Rail 
Transporter 
Midcylinder Support 
Pressure Bladder Sling 
*Cost Modifi- 90.0 83.8 67.4 49.5 90.0 90 62.8 90 67.8 90 20.4 35.7 
cations for 1.6M 
and 5.0M lb 
Propellant 
Weight Motors 
*Includes nonrecurring cost only.
 
TABLE C-3 - RISK OF UNSUCCESSFUL DEVELOPMENT SUMMARY TABLE
 
Tooling, Equipment and Facilities 
Winch 2000-Ton 
Item 
System Derrick 
DCP, Only DCP KSC 
Gantry 
DCP KSC 
ARD 
Barge 
New 
Barge 
Roller 
Transporter 
Truck-Rail 
Transporter 
Midcylinder Support 
Pressure Bladder Sling 
A. State-of-the-Art 90 75 75 75 75 60 90 70 80 90 80 70 
B. Number of Major 90 60 40 40 40 - - 60 80 90 70 90 
Elements 
C. Number of Required 90 70 40 60 60 - - 90 60 90 60 60 
Functions 
D. Size (Capacity) 90 80 80 90 90 70 70 - - - - -
Required Compared 
to Existing Items 
E. Status of Fabrication 90 80 80 70 70 80 90 90 90 90 70 70 
Techniques 
F. Confidence in 90 90 70 80 80 60 80 75 75 90 70 70 
Estimated Costs 
Total 540 455 385 415 415 270 330 385 385 450 350 360 
Avg. 90.0 75.8 64.1 69.1 69.1 67.5 82.5 77.0 77.0 90.0 70.0 72.0 
II. RISK OF UNSUCCESSFUL DEVELOPMENT
 
A. STATE-OF-THE-ART
 
1. Winch,System at DCP (Handling-Method No. 3)
 
Lifting requirement is 2000 tons. Winches at each trunnion
 
are 500 tons at each of the forward trunnions and 1000 tons at each of'the'aft
 
trunnions. The 1000-ton requirement is well'within the winch'system require­
ments of the off-the-shelf 1000-ton stiffleg derrick.
 
rating = 90
 
2. 2000-Ton Derrick at DCP and KSC
 
Stiff-leg derricks of 1000-ton capacity are commercially
 
available from the American Hoist and Derrick Co. 
Development of the 2000-ton
 
derrick involves the installation of two separate 1000-ton derricks side-by-side
 
and reeving of cables between booms 
so that the two booms act as one derrick.
 
Critical development item is the demonstration that the individual booms will
 
carry an equal load.
 
rating = 75
 
3. Mobile Roll-Ramp Gantry
 
The7 Roll-Ramp actuators with required load capacity are com­
mercially available. Also, the wheels, rails and foundation requirements for
 
the mobile aspects of the gantry are available. 'Critical development item of
 
the gantry is combining stem of actuator to obtain length of travel required
 
to rotate the stage-from horizontal to vertical.
 
rating = 75
 
C-5
 
II.A. State-of-the-Art (cont)
 
4. ARD Barge Modifications
 
Based on available published data, the ARD is expected to have
 
the length, width and draft characteristics required for the 260-in.-dia stage.
 
The critical area within the state-of-the-art is expected to be aspociated with
 
determining existing deterioration, the "as-built" structural capacities, and
 
the structural integrity of the existing barges.
 
'rating - 60
 
5. New Barge
 
The design and fabrication of a new barge is within the
 
existing state-of-the-art.
 
rating = 90
 
6. Roller Transporter Concept
 
The roller transporter is based on the concept of moving
 
heavy objects over rolling members that has been used in many existing com­
mercial applications. Critical areas of development are expected in obtaining
 
smooth and lasting road bed and in being able to make turns.
 
rating = 70 
7. Truck-Rail Transporter
 
The truck-rail transporter concept is commercially used in
 
many ways; e.g., railroad cars, mobile gantries. The critical area of
 
C-6 
II.A. State-of-the-Art (cont)
 
development is expected to be in the suspension system that wilt pivot 
to make
 
gradual turns and that will allow slight independent vertical movement of the
 
wheels to assure equal load distribution.
 
rating = 80 
8, Midcylinder Support, Pressure
 
Widely used system. State-of-the-art exists and may have only
 
minor difficulty with nozzle seal.
 
taLiL±g a90 
9. Midcylinder Support, Bladder
 
Sometimes used in full circumference to transport smaller motors
 
of the Polaris size. Difficulty in assuring that expahsion of bladder under
 
loads is such that support load distribution to the case is uniform.
 
rating = 80
 
10. Midcylinder Support, Sling
 
Widely used in typically noncritical applications. Difficulty
 
is in establishing the desired preioid and then making the sling tension auto­
matically adjustable to provide a uniform support load to the case during
 
various service conditions.
 
rating = 70
 
C-7
 
II. Risk of Unsuccessful Development (cont)
 
B. NUMBER OF MAJOR ELEMENTS 
1. Winch System
 
Elements - foundation, winches, cable system 
rating = 90 
2. Derrick
 
Elements - DCP: foundation, winches, cable system and booms. 
rating = 60 
Elements - KSC: foundation, winches, cable system, booms, 
additional pad foundation, rail support structure, and assembly and disassembly 
equipment for derrick storage. 
rating = 40 
3. Gantry DCP and KSC 
Elements - foundation, trucks, rails, gantry structure,
 
actuator mechanisms, lift beam and load slings.
 
rating = 40
 
4. ARD Barge
 
Not,applicable, ARD and new barge same.
 
5. New Barge
 
Not applicable, ARD and new barge same.
 
C-8 
11.B. Number of Major Elements (cont)
 
6. Roller Transporter
 
Elements - support structure, minimum of 24 sets of rollers,
 
roadway foundation.
 
rating-= 
 60'
 
7. Truck-Rail Transporter
 
Elements - support structure, trucks, rails, foundation. 
rating = 80 
8. Midcylinder Support - Pressure
 
Elements - gas, forward plug, aft plug, pressure regulator.
 
rating- 90
 
9. Midcylinder Support - Bladder
 
Elements - gas, pressure regulator, bladder, support
 
structure, load transfer structure to cradles.
 
rating = 70
 
10. Midcylinder Support - Sling
 
Elements - sling, attach structure, load transfer structure,
 
load adjusting system.
 
rating = 90
 
C. NUMBER OF REQUIRED FUNCTIONS-

Winch System
 
Functions - lift
 
rating = 90
 
C-9 
II.C. Number of Required Functions (cont)
 
2. Derrick
 
Functions - DCP, lift and boom.
 
rating = 70
 
Functions - KSC, lift, boom, disassemble, and reassemble.
 
rating = 40
 
3. Gantry, DCP and KSC
 
Functions - lift, boom, and transport.
 
rating = 60
 
4. ARD Barge
 
Not applicable, same as for new barge.
 
5. New Barge
 
Not applicable, same as for ARD barge.
 
6. Roller Transporter
 
Functions - support stage. 
rating = 90 
7. Truck-Rail Transporter
 
Functions - support stage, powered movement, and braking.
 
rating = 60
 
C-10 
II.C. Number of Required Functions'(cbnt)
 
8. Midcylinder Support, Pressure
 
Functions 
- regulate pressure.
 
rating = 90
 
9. Mideylinder Support, Bladder
 
Functions 
- structural support and regulate pressure.
 
rating 60
 
10. Midcylinder Support, Sling
 
Functions 
- structural support and adjust load.
 
rating = 60
 
Di SIZE (CAPACITY) REQUIRED COMPARED TO EXISTING ITEMS
 
1. Winch System
 
Available. rating = 90
 
2. Derrick, DCP and KSC
 
1000-ton available 
- required to combine two derricks.
 
rating = 80
 
.3. Gantry, DCP and KSC
 
Size available in both capacities and heights.
 
rating = 90
 
C-11 
II.D. Size (Capacity) Required Compared to Existing Items (cont)
 
4. ARD Barge
 
Perhaps larger than needed. High sail area will present
 
navigation problem in cross-wind.
 
rating = 70
 
5. New Barge
 
Barges with existing cargo capacity available, but not with
 
load distribution structure required.
 
rating = 70
 
6 through 10
 
Remainder of items (transporters and midcylinder supports)
 
are considered not applicable since similar items are not known to exist.
 
E. STATUS OF FABRICATION TECHNIQUES
 
1. Winch System
 
Currently available.
 
rating = 90
 
2. Derrick, DCP and KSC
 
Fabrication of 1000-ton available --develop techniques of
 
joining two 1000-ton derricks.
 
rating- 80
 
C-12 
II.E. Status of Fabrication Techniques (cont)*
 
3. Gantry, DCP and KSC
 
Fabrication'of mechanisms available: Fabrication and assembly
 
of stems may require some development.
 
rating = 70
 
4. ARD Barge
 
Existing structure and structural materials say be difficult
 
to ascertain.
 
rating = 80
 
5. New Barge
 
Fabrication technique is completely developed.
 
rating = 90
 
6. Roller Transporter
 
Fabrication technique is available.
 
rating = 90
 
7. Truck-Rail Transporter
 
Fabrication technique is available.
 
rating = 90
 
8. Midcylinder Support, Pressure
 
Fabrication technique available. 
-rating = 90 
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II.E. Status of Fabrication Techniques
 
9. 	 Midcylinder Support, Bladder
 
Bonding bladder to structure and fabrication of bladder to 
assure controlled deformation under load may require some development. ­
rating = 70 
10. Midcylinder Support, Sling
 
Fabrication of load adjusting system may require some
 
development.,
 
rating = 70
 
F. 	 CONFIDENCE IN ESTIMATED COSTS
 
1. 	 Winch System,
 
Available components - Support structure may become complex.
 
rating = 90
 
2. 	 Derrick
 
DCP - Actual experience with 300-ton derrick
 
rating = 90
 
KSC - Complex because of proximity of derrick foundation to
 
support pedestal foundation and because of necessity to remove and store derrick
 
30 times.
 
rating = 70
 
3. 	 Gantry, DCP and KSC
 
Complexity may develop with stem
 
rating - 80
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II.F. Confidence in Estimated Costs (cont)
 
4. 	 ARD Barge
 
Unknown condition of barge.
 
rating = 60
 
5. 	 New Barge
 
Estimate based on quick-look advanced estimate.
 
rating = 80
 
6. 	 Roller Transporter
 
Difficulties could arise with roller design and fabrication.
 
rating = 75
 
7. 	 Truck-Rail Transporter
 
Difficulties may arise with pivot bearings, if used, and
 
hydraulic suspension system.
 
rating = 75
 
8. 	 Midcylinder Support, Pressure
 
Minor difficulties may occur with leaks.
 
rating = 90
 
9. 	 Midcylinder Support, Bladder
 
Possible bladder material and fabrication problems may occur.
 
rating = 70
 
10. Midcylinder Support, Sling
 
Possible problems in obtaining an automatic load adjusting
 
mechanism.
 
rating = 70
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TABLE C-4 - RISKOF MOTOR DAMAGE DUE TO IMPOSED LOADS, WEATHER AND HUMAN FACTORS
 
Tooling, Equipment and Facilities
 
Winch 2000-Ton
 
System Derrick Gantry ARD New Roller Truck-Rail Midcylinder Support
 
Item DCP, Only DCP, KSC DCP KSC Barge Barge Transporter Transporter Pressure Bladder Sling
 
A. Stage Loads Imposed 90 60 60 60 
 60 - - 70 90 90 70 50
 
B. Control of Load Input 90 80 80 70 
 70 - - 90 90 90 75 60
 
to Stage
 
C. Damage Potential During 90 80 80 80 80 70 90 70 90 - - -
Inclement Weather 
0. Number of Stage 90 90 30 75 75 ­ 50 90 70 70 70
 
Handling Equipment
 
Operations
 
E. Complexity of 80 90 
 50 70 70 70 90 40 90 90 90 70
 
Operations
 
F. Complexity of Handling 85 85 
 40 60 60 60 80 80 70 80 80 60
 
Equipment Required
 
Total 525 485 340 415 415 200 260 400 520 420 385 310
 
Avg 87.5 80.8 56.6 69.1 69.1 66.0 86.6 66.6 86.6 84.0 77.0 62.0
 
III. RISK OF MOTOR DAMAGE
 
A. STAGE LOADS 	IMPOSED
 
1. 	 Winch System
 
Vertical 	lift and rotating loads
 
rating = 90
 
2. 	 Derrick, DCP and KSC
 
Vertical lift, rotating loads and tension load from
 
uncoordinated rotation.
 
rating = 60 
3. 	 Gantry
 
Vertical lift, rotating loads and tension load from
 
uncoordinated rotation.
 
rating .= 60 
4. 	 ARD Barge
 
Not applicable - same as New Barge
 
5. 	 New Barge
 
Not applicable 
- same as ARD Barge
 
6. 	 -Roller Transporter.
 
Vertical support - vertical and longitudinal accelerations are
 
expected to be slightly higher than-truck rail because of alignment of roller
 
pads and external drive force.
 
rating = 70
 
7. 	 Truck-Rail Transporter
 
Vertical support load.
 
rating = 90
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III.A. Stage Loads Imposed (cont)
 
8. 	 Midcylinder Support, Pressure
 
Uniform internal pressure causes shear at propellant bond
 
line 	and inner bore strain. Loads are minor.
 
rating = 90
 
9. 	 Mideylinder Support, Bladder
 
Uniform external band load plus addition case local
 
bending at edge of support.
 
rating = 70
 
10. 	 Midcylinder Support, Sling
 
Nonuniform external band load, depending on shear load
 
developed between sling and case. Local bending stress at edge of support.
 
rating = 50
 
B. 	 CONTROL OF LOAD INPUT TO STAGE
 
1. 	 Winch System
 
Adjust cable load to maintain equal lift'force.
 
rating = 90
 
2. 	 Derrick
 
Equal lift load controlled by reeving drums together.
 
Tension load during rotation controlled by maintaining cable load within limit
 
values.
 
rating = 80
 
3. 	 Gantry
 
Equal lift load obtained by indivinuaw operacon or actuators.
 
Tension load during rotation controlled by maintaining cable load within limit
 
values.
 
rating-= 70'
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III.B. Control of Load Input 
to Stage (cont)
 
4. 	 ARD Barge
 
Not applicable 
- same as New Barge.
 
5. 	 New Barge
 
Not applicable 
- same as ARD Barge.
 
6. 	 Roller Transporter
 
Control of load input is by taking the time to assure
 
alignment of roller pads and by limiting tug tractor force input.
 
rating = 90
 
7. 	 Truck-Rail Transporter
 
Control of load input is by installing rails properly and
 
by limiting the drive-truck force input.
 
rating = 90 
8. 	 Midcylinder Support, Pressure
 
Control of load is by regulation of internal pressure.
 
rating = 90 
9. 	 Midcylinder Support, Bladder
 
Control is by regulation of bladder pressure. 
No way to
 
control edge bending load.
 
rating = 75
 
10. Midcylinder Support, Sling
 
Control is by automatically adjusting tension load in sling,
 
fairly complex. No way to control edge bending.
 
rating = 60
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III. Risk of Motor Damage (cont)
 
C. 	 DAMAGE POTENTIAL DURING INCLEMENT WEATHER
 
1. 	 Winch System
 
Stage is somewhat sheltered by winch structure. Damage
 
potential during wind is light. Also, stage is always supported at four points.
 
rating = 90
 
2. 	 Derrick
 
Stage can be supported at aft end only and is exposed during
 
sudden high wind gusts. Damage potential is moderate.
 
rating = 80
 
3. 	 Gantry
 
Stage can be supported at aft end only and is exposed during
 
sudden high wind gusts. Damage potential is moderate.
 
rating = 80
 
4. 	 ARD Barge
 
Damage potential is somewhat higher than for New Barge because
 
of the high sail area of the ARD and the potential of running aground in sudden
 
high crosswind gusts.
 
rating = '70
 
5. 	 New Barge
 
Potential of running aground in cross-winds can be reduced
 
since the new barge can be designed with a low sail areaz
 
rating = 90
 
6. 	 Roller Transporter
 
Handling of roller pads during periods of wind gusts is
 
potentially hazardous.
 
rating = 70
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III.C. Damage Potential During Inclement Weather (cont)
 
7. 	 Truck-Rail Transporter
 
Potential hazards are light as compared to 
the roller
 
transporter 
- no real hazards seen.
 
rating = 90
 
8. 	 Midcylinder Support, Pressure
 
Not considered applicable
 
9. 	 Midcylinder Support, Bladder
 
Not considered applicable
 
10. 	 Midcylinder Support, Sling
 
Not considered applicable
 
D. 	 NUMBER OF STAGE HANDLING EQUIPMENT OPERATIONS
 
1. 	 Winch System
 
Raise vertically, rotate forward end, lower vertically to
 
transporter, move transporter on barge.
 
rating = 90
 
2., 	 Derrick
 
a. 	 DCP
 
Raise vertically, boom to barge, lower vertically,
 
rotate aft end.
 
rating = 90
 
b. 	 KSC
 
Move stage to pad, rotate stage, raise vertically, boom
 
' 
over 	pad, lower vertically to'pad.
 
-Also, using the derrick have to turn
 
transporter around and have to 
assemble and disassemble after each launch. 
rating = 30 
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III.D. Number of Stage Handling Equipment Operations (cont)
 
3. 	 Gantry
 
Raise vertically, move over transporter, lower vertically,
 
rotate, move on barge.
 
rating = 75
 
4. 	 ARD Barge
 
Not applicable, same as New Barge
 
5. 	 New Barge
 
Not applicable, same as ARD Barge
 
6. 	 Roller Transporter
 
Install and remove roller pads and connect to braking
 
tractors.
 
rating = 50
 
7. 	 Truck-Rail Transporter
 
Actuate drive and braking truck
 
rating = 90
 
0. 	 Midcylinder Support, Pressure 
Install forward and aft plugs, pressurize, regulate pressure. 
rating = 70 
9. 	 Midcylinder Support, Bladder
 
Install bladder, pressurize, regulate pressure
 
rating = 70
 
10. Midcylinder Support, Sling
 
Install sling, adjust preload, regulate load.
 
rating = 70
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III. 	Risk of Motor Damage (cont)
 
E. 	 COMPLEXITY OF OPERATIONS
 
1. 	 Winch System
 
Complex to operate individual winches.
 
rating = 80
 
2. 	 Derrick .
 
Complex to control tension load in stage ouring rotation.
 
At KSC, 	complex to dismantle, store, protect, and reassemble for each launch
 
rating = 90 at DCP and 50 at KSC
 
3. 	 Gantry
 
Complex to operate minimum of four actuator mechanisms.
 
rating = 70
 
4. 	 ARD Barge
 
May be more coiplex to navigate in channels than with new barge.
 
rating = 70
 
5. 	 New Barge
 
May be less complex to navigate in channels than ARD Barge. 
rating = 90 
6. 	 Roller Transporter
 
Co-1n 	 - i stall, position, use and remove roller pads. 
rating = 40 
7. 	 Truck-Rail Transporter
 
Truck-rail transporter used with little complexity. 
'rating = 90 
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III.E.. Complexity of Operations (cont)
 
8. 	 Midcylinder Support, Pressure
 
Use of internal pressure involves little complexity of
 
operations.
 
rating = 90
 
9. 	 Midcylinder Support, Bladder
 
Use of bladder involves little complexity-of operations.
 
rating = 90
 
10. Midcylinder Support, Sling
 
Adjusting sling load is expected to be somewhat complex.
 
rating = 70
 
F. 	 COMPLEXITY OF HANDLING EQUIPMENT REQUIRED
 
1. 	 Winch System
 
Basic sy~tem is not complex. Protection during any static
 
firing 	is somewhat complex.
 
rating = 85
 
- 2. Derrick 
At DCP, more complex than winch. Not as complex to protect 
during static firing. 
At KSC, very complex to protect during launch. 
rating = 85 at DCP and 40 at KSC 
3. 	 Gantry
 
Basic actuation system is considerably more complex than
 
either derrick or winch.
 
rating =. 60
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III.F. Complexity of Handling Equipment Required (cont)
 
4. 	 ARD Bare
 
ARD barge is expected to 
be more complex due to reconstruction
 
of the barge and existing features that 
are not required.
 
rating = 60
 
5. 	 New Barge
 
New barge is not expected to be complex.
 
rating = 80
 
6. 	 Roller Transporter
 
Roller transporter is expected to be somewhat less complex
 
than 	truck-rail transporter.
 
rating = 80
 
7. 	 Truck-Rail Transporter
 
Truck wheel suspension system complicates the transporter.
 
rating = 70
 
8. 	 Midcylinder Support, Pressure
 
Nozzle plug adds to complexity.
 
rating = 80
 
9. 	 Midcylinder Support, Bladder
 
Expected to be about same complexity as pressure.
 
rating = 80
 
10. Midcylinder Support, Sling
 
Load adjusting mechanism is expected to be complex.
 
rating = 60
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aTABLE C-5 - LOGISTICS AND SCHEDULE PROBLEMS SUMARY TABLE 
Tooling, Equipment and Facilities 
Winch 2000-Ton 
Item 
System Derrick 
DCP, Only DCP KSC 
Gantry 
DCP KSC 
ARD 
Barge 
New 
Barge 
Roller 
Transporter 
Truck-Rail 
Transporter 
Midcylinder Support 
Pressure Bladder Sling 
A. Complexity of 80 90 50 70 70 70 90 40 90 90 90 70 
Operations 
B. Number of Major 90 60 40 40 40 - 60 80 90 70 90 
Elements 
C. Number of Stage 90 90 30 75 75 - 50 90 70 70 70 
Handling Equipment 
Operations 
Total 260 240 120 i85 185 70 90 150 260' 250 230 230 
Average 86.6 80.0 40 61.6 61.6 70 90 50 86.6 93.3 76.6 76.6 
IV. LOGISTICS AND SCHEDULE PROBLEMS
 
A. 	 COMPLEXITY OF OPERATIONS
 
Same as Assessment on Summary Table C-4, Risk of Motor Damage due
 
to Imposed Loads, Weather and Human Factors, Item No. E.
 
B. 	 NUMBER OF MAJOR ELEMENTS
 
Same as 
Assessment on Summary Table C-3, Risks of Unsuccessful
 
Development, Item No. B.
 
C. 	 NUMBER OF STAGE HANDLING OPERATIONS
 
Same as Assessment on Summary Table C-4, Number of Stage Handling
 
Equipment Operations, Item No. D.
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TABLE C-6 - SAFETY HAZARDS 
Tooling, Equipment and Facilities 
Winch 2000-Ton 
Item 
System Derrick 
DCP, Only DOP KSC 
Gantry 
DCP KSC 
ARD 
Barge 
New 
Barge 
Roller 
Transporter 
Truck-Rail 
Transporter 
Midcylinder Support 
Pressure Bladder Sling 
A. Design 87.5 80 57.5 67.5 67.5 60 85 75 75 85 80 65 
Reliability 
B. Operational 80 90 50 70 70 70 90 40 90 90 90 70 
Simplicity 
C. Stage Loads 90 60 60 60 60 - - 70 90 90 70 50 
Imposed 
Total 257.5 230 167.5 197.5 197.5 130 175 185 255 265 240 185 
Average 85.8 76.6 55.8 65.8 65.8 43.3 87.5 61.6" 85.0 88.3 80 61.6 
V. SAFETY HAZARDS
 
A. DESIGN RELIABILITY
 
Average of Assessments "State-of-the-Art" from Summary Table C-3,
 
Item A and "Complexity of Handling Equipment Required" from Summary Table C-4,
 
Item F.
 
B. OPERATIONAL SIMPLICITY
 
Same as Assessment on Summary Table C-4, Item E, Complexity of
 
Operations.
 
C. STAGE LOADS IMPOSED
 
Same as Assessment on Summary Table C-4, Item A, Stage Loads
 
Imposed.
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C) 
o TABLE C-7 - DEVELOPMENT TIME 
(Sheet 1 of 3) 
SUMMARY TABLE 
Item 
Winch . 2000-Ton 
System Derrick 
DCP, Only DCP KSC 
Gantry 
DCP KSC 
Tooling, Equipment and Facilities 
ARD New Roller Truck-Rail 
Barge Barge Transporter Transporter 
Midcylinder Support 
Pressure Bladder Sling 
Development 
Schedule 
(Including Design, 
Fabrication and 
Activation) 
62 80 76 56 56 60 60 78 78 90 76 76 
TABLE-C-7 - DEVELOPMENT SCHEDULE (DESIGN INCLUDES DEVELOPMENT AND DESIGN)
 
1. 	 Winch System
 
Design 
-

Construct -

Activate 
-

Total -

Rating 

2. 2000-Ton Derrick
 
a. 	 DCP
 
Design 

Construct 

Activate 

Total 

Rating 

b. 	 KSC
 
Design 

Construct 

Activate 

Total 
Rating = 
3. Gantry - DCP and KSC
 
Design 

Construct 

Activate 

Total 

Rating 

4. 	 ARD Barge
 
Design 

Construct 

Activate 

Total 

Rating 

5. 	 New Barge
 
Design 

Construct 

Activate 

Total 

Rating 

-

-

-

-

= 
-
-
-
-
-
-
-

-

-

= 

(Sheet 2 of 	3)
 
9 mo
 
14 mo
 
2 mo
 
27 mo
 
62
 
2 mo
 
12 mo
 
4 mo
 
18 mo
 
80
 
3 mo
 
12 mo
 
5 mo
 
20 mo
 
76
 
8 mo
 
16 mo
 
6 mo
 
30 mo
 
56
 
10 mo
 
16 mo
 
2 mo
 
28 mo
 
60
 
10 mo
 
16 mo
 
2 mo
 
28 mo
 
60
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TABLE C-7 - DEVELOPMENT SCHEDULE (DESIGN.INCLUDES DEVELOPMENT AND DESIGN)­
(Sheet 3 of 3)
 
6. 	 Roller Transporter
 
Design - 6 mo
 
Construct - 12 mo
 
Activate 	 - 1 mo 
Total - 19 mo 
Rating = 78 
7. 	 Truck-Rail Transporter
 
Design - 6 mo
 
Construct - 12 mo
 
Activate 	 - 1 mo
 
Total - 19 mo
 
Rating = 78
 
8. Midcylinder Support - Pressur 
Design - 6 mo
 
Construct - 6 mo
 
Activate - 1 mo
 
Total - 13 mo
 
Rating = 90
 
9. Midcylinder Support - Bladder 
Design - 8 mo
 
Construct - 10 mo
 
Activate - 2 mo
 
Total - 20 mo 
Rating = 76 
10. 	 Midcylinder Support - Sling 
Design - 8 mo 
Construct - 10 mo 
Activate - 2 mo 
Total - 20 mo
 
Rating = 76
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TABLE C-8 - HANDLING METHOD TRADE STUDY
 
Tooling, Equipment and Facilities 
Winch 2000-Ton 
Weight; System Derrick Gantry ARD New Roller Truck-Rail Midcylinder Support 
Item % DCP, Only DCP KSC DCP KSC BaRge Barge Transporter Transporter Pressure Bladder Sling 
l. Estimated Cost 100 56.5 90 90 31.9 63.2 90 59.6 90 71.5 90 24.6 42.9 
2. Estimated Cost for 40 36.0 33.5 26.9 19.8 36.0 36.0 25.1 36.0 27.1 36.0 8.2 14.3 
Modifications to 
Handle 1.6 and 
5.OM LB Wp Motors 
3. Risk of Motor 95 83.1 76.7 53.8 65.6 65.6 63.2 82.2 63.2 82.2 79.8 73.1 58.8 
Damage 
4. Safety Hazards 90 77.0 68.9 50.2 59.2 59.2 38.9 78.8 55.5 76.5 79.4 72.0 55.5 
5. Risk of 80 72.0 60.6 51.3 55.3 55.3 54.0 66.0 61.6 61.6 72.0 56.0 57.6 
Unsuccessful 
Development 
6. Logistics and 70 60.6 56.0 28.0 43.2 43.2 49.0 63.0 35.0 60.6 58.2 53.7 53.7 
Schedule Problems 
7. Development Time 60 37.2 48.0 45.6 33.6 33.6 36.0 36.0 46.8 46.8 54.0 45.6 45.6 
Totals 422.4 433.7 345.8 308.6 356.1 367.1 414.7 388.1 426.3 469.4 333.2 329.4 
Selections x X X x x 
?, 
OVERLAND TRANSPORTATION OF 260-IN.-DIA.
 
MOTOR SEGMENTS AT KSC-MILA AND CKAFS
 
I. INTRODUCTION
 
Thd proposed storage facility location and its relationship to LC-37B
 
was reviewed with the thought of potential overland routes for movement of the
 
260-in.-dia. segments.
 
Three potential overland routes were evaluated, and the results of this
 
analysis are presented as follows:
 
II. PRIMARY ROUTE (Figure D-1)
 
It is recommended that the solid segments be transported by barge 
to
 
the solid rocket motor storage area adjacent to the Central Telemetry Station
 
(Figure D-1, Point B). The segments would then be transferred by barge as
 
required to 
a new LC-37 barge landing (Figure D-1, Point F). The segments
 
would then be transferred using a newly designed eight-wheel road vehicle
 
rated at 230,000 lb. per tire. The actual load per tire would not exceed
 
120,000 lb. This vehicle would transfer the segments from the LC-37 barge
 
landing to 
the assembly point at the launcher (Figure D-1, Point G). The
 
required 5000-ft roadway would be fabricated and designed to the same
 
specifications as the LC-39 crawler way. The selective grading of the LC-39
 
roadway will support 100 psi at the crawler treads. The gross (ROM) cost
 
estimate of this concept is as follows:
 
Item Each Cost 
Barge - two required $1,500,000 $3,000,000 
Barge Ramp - LC-37 2,000,000 2,000,000 
5000 ft. Roadway to 1,200,000 1,200,000 
LC-37 Launch Pad 
Land Transporter 
- two req'd 400.,000 800,000 
$7,000,000 
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III. ALTERNATE ROumt I ki$gure 1-Z) 
In accordance with Alternate Route 1, the segments would be stored
 
within the storable holding area adjacent to the Central Telemetry Station
 
(Figure D-2, Point B). 
 The segments would be loaded in the barge and'trans­
ported via the Banana River Canal to Point D of Figure D2, where they,would
 
be off-loaded at Point E at 
the AF hangar barge ramp. A special transporter
 
would then be utilized to transfer the 658,000 lb segment to LC-37B. The
 
gross weight of the segment plus the transporter is estimated to be 908,000 lb.
 
The maximum load permitted by Class B, limited a'dess traffic, utilizing an
 
eight wheel, double axle bogie, is 70,000 lb. Fourteen such bogies (or 112
 
wheels and tires) would be required to transport the segment from E to J to G
 
(Figure D-2) using the Cape Road. The utilization of'14 bogies and 112 wheels
 
and tires on one transporter is not feasible. 
 If 'the iehicle could be designed
 
and fabricated, the cost of the carrier would be prohibitive and the turn
 
radius would require the rework of four'turns along the proposed route. -All
 
power lines and telephone utilities would require relocation.
 
IV. ALTERNATE ROUTE 2 (Figure D-3)
 
In accordance with Alternate Route 2, the storable segments would also
 
be held at Point B (Figure D-3) following the transport barge unloading
 
operation. 'The segments would then be loaded on a pneumatic-tired transporter
 
and'moved to the assembly point at LC-37B over rout@ B-H-I-E-J-G (Figure D-3).
 
The route from I to E over the east NASA Causeway requires traversing a bridge
 
that is limited to a 104,000 lb loading per the,American Association of Highway
 
Officials Manual. 
The bridge was designed to-Condition H-20-S-16-44. Since the
 
present vehicle is nine times the permissible vehicle weight, it would be
 
necessary to redesign and rebuild the present causeway bridge. 
The cape
 
roadways would again impose the same limitations described in-Alternate Route 1
 
-discussion.
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DYNAMIC ANALYSIS OF THE 260-IN.-DIA STAGE
 
IN A BARGE-TRANSPORTATION ENVIRONMENT
 
I. INTRODUCTION
 
This report describes the dynamic analyses that were conducted as a part
 
of the study of storage and handling of the 260-in.-dia solid rocket motor
 
authorized by Contract NAS3-12052.
 
The overdll objective of the dynamic analysis program was to evaluate
 
the proposed baige transportation methods with'respect to structdral dynamic
 
considerations and to recommend a method that would result in successful t6wed
 
barge shipments of the 260-in.-dia motor.
 
The analyses were conducted for vibratory excitation environments for
 
both the longitudinal and transverse axes. In all phases of the analyses it
 
was assumed that the motor would be supported in a horizontal attitude on a
 
rigid barge by rigid support rings bolted to the forward and aft motor skirts.
 
The four barge transportation methods of the 260-in.-dia motor that were
 
considered in this dynamic analysis program were:
 
A. Internal Pressurization of the Motor
 
B. Pneumatic Support of the Motor
 
C. Structural Support at the Center of the Motor
 
D. No Intermediate Support or Internal Pfessurization
 
Emphasis was directed toward a comprehensive analytical determination
 
of the propellant dynamic response characteristics and propellant dynamic
 
stress. The method of dynamic analysis used in the study was based on a lumped­
mass representation of the motor and propellant and a linear viscoelastic
 
characterization of the propellant. Direct analog (force-current electromechanical
 
analogy) circuit representations of the lumped-mass models of the motor were
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I. Introduction (cont)
 
formed and the systems of linear algebraic equations derived from the analog
 
circuits were solved at each selected discrete frequency on an IBM System
 
360/65 computer.
 
II. SUMMARY 
The four barge transportation methods identified for the 260-in.-dia
 
motor were evaluated with respect to the longitudinal end transverse axis
 
vibration environments expected during barge transportation of the motor.
 
The results of the analyses showed the transverse axis dynamic loads 
to
 
be considerably greater than the longitudinal axis loads during barge
 
transportation of the motor.
 
The excitation frequencies associated with the towed barge transportation
 
vibration environment are expected to occur at a frequency range of O.1 to 9 cps (1)1
 
The calculated fundamental longitudinal and transverse axis resonant frequencies
 
of the motor vary from 1.77 to 7.0 cps.
 
The results of the analyses showed that internal pressurization of 10 psi for
 
Handling Method No. 1 had a negligible effect on the transverse axis structural
 
stiffness characteristics of the motor. No significant change in either the
 
fundamental transverse axis resonant frequency or dynamic amplification factor
 
was calculated for the case in which the motor was internally pressurized to 10
 
psi. 
The capability of the motor to withstand the vibration environments
 
expected during barge transportation would not be improved through internal
 
pressurization of the motor.
 
* The list of references for this analysis are presented in Section VI, 
of this appendix.
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II. Summary (cont)
 
The addition of the intermediate pneumatic support (Handling Method
 
No. 2) of the motor was shown to have a negligible effect on the dynamic response
 
characteristics of the motor. The extremely low spring rate of the proposed
 
pneumatic support system did not have a significant effect on the first
 
transverse axis resonant frequency of the motor. 
The use of an intermediate
 
pneumatic support system as identified in this study could not be recommended
 
for barge transportation of the 260-in.-dia motor.
 
The major effort of this study was directed toward a structural dynamic
 
evaluation of the effect of a structural support (Handling Method No. 3)
 
installed at the center of the motor. Parametric studies were performed in the
 
transverse axis of the motor for a series of structural support spring rates
 
in the range of 2 to 12 million lb/in. The highest spring rate of 12 million
 
lb/in. was considered to be the most effective and was used throughout this
 
study. A value of 8% critical damping was assumed in this analysis for the
 
intermediate motor structural support. The principal results obtained from
 
this analysis are listed in comparative form in Table E-1 for the unsupported
 
and supported motor configurations.
 
The results of the analysis show that the addition of an intermediate
 
structural support has a negligible effect on the longitudinal axis dynamic
 
response characteristics and on the maximum calculated dynamic propellant
 
stresses.
 
The addition of the intermediate structural support produced the following 
changes in the transverse axis dynamic response character~itic nf E- -nnnr 
as shown in Table E-1. 
A. Increase in the fundamental transverse axis resonant frequency from
 
4.5 to 7.0 cps.
 
B. Decrease in the dynamic amplification factor at the transverse axis
 
resonant frequency from 4.65 to 3.70 cps.
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II. Summary (cont) 
C. Small decreases in dynamic stress/g amplitudes for the maximum
 
propellant-liner bond direct (25.6 to 20.5 psi/g) and shear (5.2 to 3.2 psi/g)
 
stresses.
 
Although the changes in 
transverse axis dynamic response characteristics
 
resulting from addition of the intermediate structural support are favorable
 
changes, the reductions in propellant-liner-bond dynamic stresses are not of
 
sufficient magnitudes to justify a recommendation for using the intermediate
 
structural support.
 
It should be noted that an accurate definition of the vibration
 
environment expected during barge transportation of the 260-in.-dia motor is
 
not available at the present time. Barge transportation environmental data
 
that were 
available during this study were the vibratory excitation frequencies
 
and acceleration input levels recorded during the towed-barge shipment of the
 
Saturn IV-5 vehicle (1). These data are not considered directly applicable to
 
barge transportation of the 260-in.-dia motor, which weighs approximately 
'
 
4 million lb. The occurrence of vibratory input levels greater than + 1.0 g
 
at frequencies in the range of 0.10 to 10.0 cps is considered to be highly
 
improbable during barge transportation of the 260-in.-dia motor.
 
III. CONCLUSIONS
 
The objectives of the dynamic analysis were accomplished successfully.
 
The results of the analysis show that the 260-in.-dia motor, unpressurized
 
and without an intermediate structural support, is capable of withstanding the
 
vibration environments expected during towed-barge transportation.
 
IV. TECNNICAL DISCUSSION
 
A. DYNAMIC MODEL REPRESENTATIONS
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-1. General
 
The analytical configurations of the 260-in.-dia motor considered
 
in this analysis were selected to represent the methods of structural support
 
and vibratory excitation that will exist~during towed-barge transportation of
 
the motor.
 
In all phases of the analysis it was assumed that-the motor
 
would be supported in a horizontal attitude on a rigid barge-by rigid support
 
rings bolted to the forward and aft motor skirtsi 
 The method of analysis and
 
its 
related computer program (AGC #55000).'would permit a flexible barge
 
representation. 
 It was not possible to obtain any valid transverse axis­
structural stiffness data for the barge considered in this 260-in.-dia motor
 
study and the barge was assumed to be a rigid support platform. The two motor
 
skirt support rings provided a pin-pin restraint condition on-the motor with
 
respect to the barge. 
A schematic drawing of the barae transoortation
 
configuration is shown in Figure E-.-

The structural support at the motor c.g.- was represented as a
 
linear elastic spring with spring rates ranging from 2 to 12 million-lb/in, and
 
a 
linear viscous damper with an 8% critical damping value. A spring -rateof
 
12 million lb/in, was the maximum permissible value that could be considered
 
in this analysis. 
The final results given in this report for the motor condition
 
with the added structural support system were obtained using the-maximum spring
 
rate of 12 million lb/in.
 
2. Lumped Mass Representation of the Motor
 
a. Motor Case and.Propellant
 
The detailed mass and geometrical data used in the dynamic
 
model representation of the 260-in..-dia motor were obtained from Reference (2).
 
E 5
 
IV.A. Dynamic Model Representations (cont)
 
The weights-of the principal motor components used in this analysis are listed
 
in Table E-2.
 
The dynamic analysis for the 260-in.-dia motor is based
 
on a lumped-mass representation of the motor. In.this analysis the motor was
 
subdivided into an appropriate number of cylindrical-type segments formed by
 
making a series of vertical cuts at specified distances along the axis of the
 
motor. A propellant wedge running-along the axis of the motor and including the
 
upper-half of the motor case and propellant is formed such that the forward
 
and aft flat surfaces are 1-radian sections symetrically centered about a
 
vertical centerline of the motor.- Figure E-2 shows the basic 1-radian propellant
 
wedge element and the coordinate system that was used in this analysis. The
 
generation angle of the elemental propellant wedge was taken to be 1-radian
 
only as a convenience in computation. The forward and-aft faces of each
 
elemental propellant wedge were subdivided radially by a series of circular
 
arcs. 
 The mass of each propellant wedge is considered to be concentrated at
 
the center of gravity of each elemental propellant wedge.
 
In this dynamic analysis, 11 vertical reference planes,
 
106 in, apart, were established along the longitudinal axis of the motor.
 
Provisions were made for the location of as many as nine data read-out points
 
located in a radial direction on each 1-radian wedge surface at each of the
 
vertical planes. 
Additional data read-out points were established on the
 
closures and on the nozzle.
 
b. Motor Closures
 
The forward and aft closures are represented in the
 
analytical model by a series of truncated cones with mass'and stiffness.
 
distributions of the actual motor closures.
 
E-6 
IV.A. Dynamic Model Representations (cont)
 
c. 	 Nozzle
 
For the 260-in.-dia motor dynamic analysis, the nozzle
 
was represented as a single lumped mass that was directly attached to the
 
flexible aft closure.
 
3. Analytical Characterization of the Motor Propellant
 
The dynamic mechanical properties of the motor propellant that
 
were incorporated into the analytical dynamic model of the 260-in.-dia motor
 
were derived from test data obtained from laboratory tests of specimens of
 
ANB-3105 propellant. The propellant was characterized in the 260-in.-dia motor
 
dynamic analysis by the four following-quantities:
 
a. 	 Shear storage modulus (G') for a frequency.
 
range of 1 to 100 cps.
 
b. 	 Shear loss tangent G"IG' for a frequency
 
range of 1 to 100 cps.
 
c. 	 Propellant density of 0.0625 lb/cu in.­
d. 	 Poisson's ratio assumed to be .a real
 
quantity with a value of 1/2.
 
The shear storage modulus and loss tangent distribution used
 
.to characterize the motor propellant were derived from laboratory'vibration
 
tests of propellant disc specimens and propellant reed specimens. The shear
 
storage modulus and shear loss tangent distributions that were used to define
 
the dynamic-mechanical properties of the motor propellant in this dynamic
 
analysis are shown-in Figures E-3 and -4, respectively, and the stress allowables
 
for this propellant are given in Figure E-5. It should be noted that all
 
F-7
 
IV.A. Dynamic Model Representations (cont)
 
propellant mechanical property data were determined at a test temperature Of
 
77°F. Detailed descriptions of the test methods used to conduct the propellant
 
disc tests are given in Reference (3), and a discussion -of the vibrating
 
propellant reed test is given in Reference (4).
 
B. METHOD OF ANALYSIS
 
A detailed discussion of the analytical dynamic method and its
 
related IBM System 360/65 computer program that was used in the dynamic analysis
 
of the 260-in.-dia motor is given in Reference (5). A very brief description
 
of this analytical dynamics method is given in the followins naraeraoh.'
 
A 1-radian wedge extending from the forward closure to the aft
 
closure of the motor case is formed. This basic propellant wedge is subdivided
 
axially to form a specified number of shorter wedges by.making a specified number
 
of vertical slices along the axis of the.motor. In this particular analysis,
 
nine vertical slices or vertical reference planes were established. The flat
 
forward and aft surfaces of the incremental wedges were subdivided by a series
 
of seven circular arcs to form a series of small incremental propellant wedges.
 
The actual mass and elastic properties are determined for a propellant wedge
 
whose length is twice the distance between the vertical reference planes. The
 
calculated mass and elastic properties are assumed to be concentrated at the
 
center of gravity of the wedge, and the areas of the surfaces of the incremental
 
wedges are known quantities. The strain-displacement and stress-strain relations
 
for both direct and shear stresses, together with the assumption that Poisson's
 
ratio is 1/2, were written for each incremental wedge. Since the longitudinal
 
axis analysis is an axisymmetric problem, only radial and axial displacements
 
are involved., The transverse axis analysis is a non-axisymmetric problem and ­
radial, axial, and circumferential displacements are involved. In generals the 
transverse axis analysis presents a problem of much greater complexity than
 
that experienced in the longitudinal axis analysis. The strain-displacement and
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stress-strain relations derived for the incremental propellant wedges are then
 
written in finite difference form and electrical circuits are synthesized to
 
satisfy the strain-displacement and stress-strain relations 
(in finite
 
difference form) using the following electromechanical analogies:
 
Force - Current
 
Velocity - Voltage
 
Mass and Inertia - Capacitance
 
Structural Stiffness -
 Inverse of Inductance
 
Viscous Damping - Inverse of Resistance
 
Mechanical Coupling - Transformers
 
The constraints acting on a propellant incremental wedge as a result of motor
 
case and closure geometry, adjacent wedges, or motion constraints are introduced
 
into the circuit diagrams that represent accurate analogies of the strain­
displacement and stress-strain relations 
so that the total resulting circuit
 
diagram for a given propellant wedge satisfies all stress, strain, displacement,
 
and constraint conditions.
 
The analytical model of the 260-in.-dia motor for the longitudinal and
 
transverse axis steady-state dynamics analysis consists of two basic analog
 
circuit diagrams: one for the longitudinal axis analysis, and one for the
 
transverse axis analysis. 
 The analytical model for the longitudinal axis
 
analysis is represented in the form of two' different, but not independent,
 
analog circuit diagrams. Figure E-6 is the longitudinal axis circuit diagram
 
for axial (Z) response, and Figure E-7 is the longitudinal axis circuit diagram
 
for radial (R) response. 
Each circuit diagram shows the number and orientation
 
of capacitors (masses), inductors (elastic and viscoelastic elements), and
 
transformers (constraints) used to represent the dynamic response behavior of
 
the actual motor in the axial and radial coordinates. The analog circuit
 
diagram for the longitudinal axis analysis is presented as two separate circuit
 
diagrams for ease and convenience in drawing and understanding the analytical
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analog model representation of the motor. When the longitudinal axis input
 
data are properly assembled in the computer, the analytical model that the,
 
computer solves is 
one very complex circuit diagram consisting of the two
 
circuit diagrams shown in Figures E-6 and -7. 
 Three separate, but not
 
independent, circuit diagrams 
are used to represent the dynamic model
 
representation of the motor in the transverse axis analysis. 
 Figures E-8, -9,
 
and -10 are the transverse axis circuit diagrams for radial, axial, and
 
circumferential responses, respectively. 
In a longitudinal axis analysis, the
 
two circuit diagrams with proper numerical values assigned to electrical
 
circuit elements to represent the mass properties, the structural damping, 
the
 
elasticity, the viscoelastic properties of the propellant mass, 
the mass coupling,
 
and the constraint conditions 
are entered into the computer. A sinusoidal
 
unit displacement function is applied to the excitation input point of the model
 
at one selected discrete frequency. The computer program then performs a
 
summation of currents at every node of the circuit diagram and forms a set of
 
N linear algebraic equations in N unknowns. 
With the use of special computer
 
program routines, a solution of the set of linear algebraic equations is
 
obtained for the 
one discrete excitation frequency being considered. The
 
vector of the node displacements is determined and the remaining unknowns of
 
the system may be found. 
 In reference to the actual structural motor, the
 
solution establishes the displacements of the nodes and the forces in. the
 
circuit elements used in the analog circuit model of the motor. 
Also, the
 
shear stresses 
are determined immediately from the displacement and force
 
solution for the nodes of the circuits. The direct stresses are obtained
 
with the use of an auxiliary computer program that sums 
forces within elements
 
and associates the forces with appropriate areas within the model. In the
 
longitudinal axis dynamic analysis of the 260-in.-dia motor, the IBM System 360
 
computer required 9 minutes of computer time to 
obtain the solution of the
 
circuits for the first discrete frequency of each study, and 1.3 minutes of
 
computer time for each additional discrete frequency entered. 
In the transverse
 
axis analysis, 19 
minutes of computer time were required to obtain a solution
 
of the circuits for the first entered discrete frequency, and 3.7 minutes were
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required for each additional discrete frequency. Additional computer time is
 
required to print out stress magnitudes at a selected discrete frequency.
 
A definition of the symbols used in the analog circuit diagrams in
 
the 260-in.-dia motor dynamic analysis is given in Figure E-11.
 
The number and locations of the axial and radial data read-out
 
points within the longitudinal axis dynamic model are shown in Figure E-12.
 
Similarly, the number and locations of 
the radial, axial, and circumferential
 
data read-out points within the transverse axis dynamic model are shown in
 
Figure E-13.
 
V. ANALYSIS RESULTS
 
A. LONGITUDINAL AXIS ANALYSIS
 
1. Resonance Response Analysis
 
A rigid body analysis was conducted in the longitudinal axis
 
of the motor at a discrete excitational frequency of 0.1 cps to ensure that the
 
analog circuit representation was properly entered into the computer program
 
and that -the program was operating satisfactorily. A satisfactory rigid body
 
check at the discrete excitational frequency of 0.1 cps was obtained.
 
The initial resonance response analysis was conducted over a
 
frequency range of 0.1 to 10 cps. 
 A series of 20 selected discrete frequencies
 
in the frequency range of 0.3 to 
10 cps was entered into the computer and the
 
acceleration responses of all nodes of the longitudinal axis analog circuit
 
were determined for each discrete excitational frequency. The + 1.0 g sinusoidal
 
input function was applied in phase at each of the two motor support rings at nodes
 
1001 and 2002 (Figure E-6). 
 This initial analysis showed the existence of a
 
significAht longitudinal axis 
resonance response of the propellant in the
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frequency range of 1.6 to 2.0 cps. Detailedresonance response analyses
 
performed in this narrow frequency band showed a resonance response peak at
 
1.77 cps. A maximum dynamic amplification factor of 2.79 was calculated at
 
propellant node.1024 on the propellant bore near -the center-of the motor. The
 
resonance response plot of propellant node 1024 is shown in Figure E-14.
 
- Additional analyses conducted in the frequency range of 10 to 
50 cps did not reveal any other propellant resonance responses in this. extended
 
frequency range. Analytical emphasis was directed to the 0.1 to 10 cps
 
frequency.range since the range of.excitational frequencies associated with­
barge transportation vibration environments are expected to be from 0.1 to
 
9 cps.
 
Resonance response plots similar to the plot shown in
 
Figure E-14 could be made for each data read-out point included in the
 
longitudinal axis circuit diagram (Figure E-12).
 
2. Modal Analysis
 
Ine longitudinal axis resonance response analysis revealed
 
only one significant resonance. response in the frequency range of 0.1 to 10cps,
 
the 1.77 cps resonance response that is-characterized in-Figure E-14,
 
The mode shape of the motor at the 1.77 cps resonant frequency
 
is shown in Figure E-15. The acceleration response amplitudes of selected data
 
read-out points of the longitudinal axis configuration for + 1.0 g-sinusoidal­
input functions applied axially to the motor suppbrt rings at the l.77.cps­
resonant frequency are described numerically and graphically in Figure E-15.
 
Each directed arrow symbol shown in Figure E-15 is drawn to scale so that the
 
relative acceleration response amplitudes throughout the motor can be observed
 
on a comparative-basis at the excitational frequency of 1.77 cps. Phase angle­
relationships for all data read-out modes are shown in Figure E-15. The mode.
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shape plot of Figure E-15 shows the 1.77 cpsmode to be a longitudinal axis
 
propellant shear mode of the motor. The Figure E-15 plot shows the motor case
 
nodes to be nearly in phase with the + 1.0 g input functions and shows the
 
propellant nodes to be approximately 90 degrees out-of-phase with respect to
 
the + 1.0 g input functions.
 
It should be noted that the dynamic response behavior of a
 
complex heavily damped structure is quite different from the known and classical
 
responses of highly damped single degree-of-freedom systems.
 
3. Dynamic Stress Analysis
 
Peak direct axial stresses and peak shear stresses were 
calculated at selected data read-out points for + 1.0 g acceleration input levels 
applied at the motor support rings at the axial propellant resonant frequency 
of 1.77 cps. A graphic display of the peak axial direct (tension-compression) 
dynamic stresses calculated for the selected data read-out points is shown in 
Figure E-16, and a similar display of the corresponding peak dynamic shear 
stresses is shown in Figure E-17. Again it should be noted that arrow symbols 
of Figures E-16 and -17 are drawn to scale to show relative maximum stress 
amplitudes throughout the motor propellant for + 1.0 g acceleration input 
functions applied axially at the support rings at 1.77 cps; the sense of the 
arrow symbols has no particular significance in this application. 
The dynamic stress distributions presented in Figures E-16
 
and -17 show peak dynamic direct and shear stresses of 16.5 psi/g and 8.7 psi/g,
 
respectively. These maximum stresses occur at the aft equator of the motor in
 
the propellant-liner bond.
 
B. TRANSVERSE AXIS ANALYSIS
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1. Resonance Response Analysis
 
A rigid-body check test was conducted at a discrete excitation
 
frequency of 0.10 cps to determine if the transverse axis analog circuits were,
 
properly installed on the computer and if the computer program was operating
 
satisfactorily. The rigid-body check test was completed satisfactorily.
 
A resonance response analysis was conducted in a frequency
 
range of 0.1 to 10 cps for the unpressurized motor without a central structural
 
support. A + 1.0 g input sinusoidal function was applied in-phase at each
 
motor support ring.
 
The results of this analysis showed a resonant frequency of 4..
 
cps and a corresponding maximum dynamic amplification factor of 4.65 at case
 
node 1028. The response plot of-node 1028 is shown in Figure E-18. The respon!
 
plot of propellant node 2044, located on the motor bore at the center of the
 
motor, is shown in Figure E-19.
 
This analysis was repeated with an assumed structural support
 
at the center of the motor. The vertical spring rate of the central structural
 
support was 12 million lb/in. The results of this analysis are shown for case
 
node 1028 and propellant node 2044 in Figures E-20 and -21, respectively.
 
Comparisons of the plots given in Figures E-18 through -21
 
show the following:
 
Case Node 1028 Case Node 2044
 
Motor Config. Res Freq (cps) D.A.F. Res Freq (cps) D.A.F.
 
Without Support 4.5 4.65 4.5 2.07
 
With Support 7.0 3.47 7.0 3.63
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At this phase in the analysis a parametric study was conducted
 
in the transverse axis of the motor by varying the spring rates of the central
 
support structure over'a range of 2 
to 12 million lb/in. 
A value of 8% critical
 
damping was assumed for the central structural support system. The spring
 
rate of the central structural support was restricted to an upper limit of
 
12 million lb/in, because of local buckling considerations of the motor case.
 
The addition of the central support structure was made on the
 
basis that it might produce the following desirable dynamic effects on the
 
transverse axis dynamic response characteristics of the motor:
 
a. Increase the fundamental transverse axis resonant frequenc.
 
of the motor to a value that would be above the 0.1 
to 9 cps frequency range
 
associated with expected barge transportation environments.
 
b. Reduce the maximum acceleration response amplitudes and
 
maximum dynamic propellant liner bond stresses significantly below the values
 
obtained from the unsupported motor analysis.
 
The results of this analysis are summarized in Table E-1.
 
These data show increase from 4.5 to 7.0 cps when the-results of the unsupported
 
motor analysis 
are compared with the results of the supported motor obtained
 
using the maximum central support spring rate of 12 million lb/in.
 
The reduction in maximum dynamic stress in the propellant-liner
 
bond from 25.6 to 20.5 psi/g was small and would not justify the addition of the
 
central support.
 
2. Modal Analysis
 
The results of 
the moddl analysis for the unsupported and
 
centrally supported motor configurations are shown in the mode shape plots given
 
in Figures E-22 and -23, respectively. Comparison of the two mode shape plots
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shows the small effect that a 12 million lb/in, support spring has on the
 
transverse axis response amplitudes on the motor and within the propellant.
 
3. Dynamic Stress Analysis
 
The maximum dynamic direct and shear stresses in the propellant
 
and propellant-liner bond were calculated for the unsupported and centrally
 
supported motor configurations. Plots of -the maximum dynamic direct stresses
 
of the unsupported motor at 7.0 cps are shown in Figures, E-24 and -26, respectiv
 
and in the maximum dynamic shear stresses in.FiguresqET25. and -27, respectively.
 
A comparison of both the dynamic direct and shear stresses for the unsupported a
 
centrally supported motor configurations shows small differences between the
 
two support conditions.
 
C. STRUCTURAL DYNAMIC EVALUATIONS
 
1. General
 
At the completion of the dynamic analysis program an
 
evaluation was performed to assess the capability of the 260-in.-dia -motor to
 
withstand the vibration input environment that could occur during towed stage
 
transportation.
 
A comprehensive search was made from the beginning of the
 
barge transportation study to obtain valid and meaningful input vibration
 
environmental data that would be applicable to barge trasportation,of: a motor
 
in the 4 million lb class and, that could be used in this particular structural
 
dynamic evaluation. The only published data obtained on this subject are given
 
in Reference (1), which is a Douglas Aircraft Co. Report (No. SM44783) that
 
lists measured input acceleration levels and cortesponding excitational
 
frequencies recorded during barge transportation of the Saturn S-IV-5 stage.
 
The weight of the empty Saturn S-IV-5 stage is about 24,000 lb.. It is estimated
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that the weight of support structures, protective containers, instrumentation,
 
etc. would be 5,000 to 6,000 lb, and the total transported weight of the S-IV-5
 
stage and supplemental shipping equipment would be approximately 30,000 lb.
 
The weight of the 260-in.-dia stage is 3,985,295 lb (Table E-2).
 
Refereice'(1)'explains that the vibration environment generated
 
during barge transportation is dependent on the size and draft of the barge and
 
the sea state. The maximum input acceleration levels and excitational frequencies
 
recorded during the Saturn S-IV-5 study are summarized below:
 
Excitation Frequency Max Accel Levels 
Motor Axis Range, cps Recorded, + g 
Longitudinal 0.1 - 9.0 0.51 
Transverse 0.1 to 9.0 1.24 
It is believed that the maximum acceleration input levels that would occur
 
during barge transportation of the 260-in.-dia motor would be considerably less
 
than those listed in the table above. The consideration is that the maximum
 
acceleration levels expected during barge transporation of the 260-in.-dia motor 
would not exceed + 0.50 g in the longitudinal direction and + 1.0 g in the 
transverse axis direction. It is believed that the excitational frequency range
 
for the motor shipment would be 0.1 to 9.0 cps.
 
It should be noted that the maximum acceleration input levels 
of + 0.51 and + 1.24 g (1) are isolated peak values with a small probability of 
occurrence during an operational shipment. 
Since it was not possible to obtain vibration environmental data
 
that are applicable to shipments of the 260-in.-dia motor, this structural dynamics
 
evaluation of the unsupported, unpressurized 260-in.-dia stage was conducted using
 
very conservativ& acceleration input levels of 1.0 and 0.85 g in the longitudinal
 
axis and 1.0 and 1.25 g in the transverse axis.
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2. Longitudinal Axis Evaluation
 
The longitudinal axis structural dynamics evaluation of the
 
260-in.-dia motor was conducted using the assumption that the mo~or would be
 
subjected to an input acceleration level of + 0.85 g at its resonant frequency of
 
1.7 cps for a 
total duration of 60 minutes during each operational motor shipment.
 
The maximum dynamic propellant-liner stresses calculated ,for
 
the longitudinal axis configuration at 1.77 cps are as follows:
 
Longitudinal Axis Evaluation 
- Dynamic Stresses
 
Resonant Frequency - 1.77 cps
 
Prop.-Liner 
 Prop.-Liner

Input Level Max Prop.-Liner Direct Stress Max Prop.-Liner 
 Shear StresE 
at Barge, Direct Stress, Allowable, Shear Stress, Allowable, 
g psi psi, 1-hr psi psi, 1-hr 
1.0 16.5 61.0 8.7 
 44.0
 
0.85 14.0 
 61.0 
 7.4 44.0
 
,The dynamic stress allowable data plots of Figure E-5 show,
 
the following:
 
Prop.-Liner Prop.-Liner
 
Direct Stress Shear Stress
 
Time, hr Allowable, psi Allowable, psi
 
0.l 80 
 56
 
1.0 61 
 44
 
10.0 47 34
 
50.0 39.5 
 29.5
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This extremely conservative evaluation shows that the
 
260-in.-dia motor, unpressurized and without a central support,'is capable of
 
withstanding longitudinal axis vibration input levels greater than the levels
 
expected during towed barge transportation.
 
3. Transverse Axis Evaluation
 
The transverse axis structural dynamic evaluation of the 
260-in.-dia motor was conducted using the assumption that the unpressurized 
motor, without central support, would be subjected to an acceleration input 
level of + 1.25 g at its resonant frequency of 4.5 cps for a duration of 
60 minutes during each operational motor shipment. 
The maximum dynamic propellant-liner bond stresses calculated
 
for the transverse axis configuration at 4.5 cps are as follows:
 
Transverse Axis Evaluation - Dynamic Stresses
 
Resonant Frequency 4.5 cps
 
Prop.-Liner Prop.-Liner

Input Level Max Prop.-Liner Direct Stress Max Prop.-Liner Shear Stress
 
at Barge, Direct Stress, Allowable, Shear Stress, Allowable,
 
+ g psi 
 psi, 1-hr psi psi, 1-hr
 
1.0 25.6 61.0 5.2 
 44.0
 
1.25 32.0 61.0 
 6.5 44.0
 
The static direct stress in the propellant-liner bond at the
 
center of the motor resulting from the static l-g body forces was calculated
 
during the static stress analysis (see Appendix B) of the motor. In this
 
analysis the motor was 
assumed to be in a horizontal attitude, unpressurized,
 
and without a central structural support. The maximum static direct stress
 
calculated in the propellant-liner bond at the center of the motor in this
 
analysis was 7.0 psi.
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The total maximum, direct stress (l-g static stress plus dynamic
 
stress at the conservative + 1.25 g input) predioted in the propellant-liner
 
bond during barge transportation is 39.0 psi. 
Since, the direct stress allowable
 
for a loading duration of 1 hour is 
61.0 psi, failure of the propellant-liner
 
bond would not be expected at a stress level of 39.0 psi. The stress allowable
 
data listed in Figure E-5 show a direct stress-to-failure level of 39.5 psi for
 
50 hours of applied loading.
 
It should be noted here that the above structural dynamic
 
evaluations are extremely conservative,because of the-assumption that the motor
 
is excited at its,resonant frequency at a maximum input level for the time
 
period assumed in this evaluation.
 
The above analyses show that the unpressurized 260-in.-dia
 
motor, without a central structural support, is capable-of withstanding'the
 
vibration environment expected during towed barge transportation.
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Fund. Max. Dyn. Max. Prop-Liner Prop-Liner Max. Dyn. Prop-Liner
 
Resonant Amplification Dynamic Direct Direct Stress Prop-Liner Shear Stress
 
Frequency Factor Stress/G Allowable Shear Allowable
 
(cps) -G(±Input) (psi, 1.0 hour) Stres/G (psi, 1.0 hour)
 
So Intermediate 1.77 2.79 16.5 61.0 8.7 44.o
 
support
 
Transverse Axis Analysis
 
No Intermediate 4.5 4.65 25.6 61.o 5.2 44.0
 
support (1)
 
With Intermediate 7.0 3.70 20.5 61.0 3.2 44.0
 
support(3) (2)
 
(1) Center of Motor Case
 
(2) 318" Forward of the Aft Equator
 
(3) Spring Rate of 12 million pounds per inch
 
TABLE E-I. - SUMMARY OF PRINCIPAL ANALYSIS RESULTS
 
TABLE E-2. - BARGE TRANSPORTATION CONFIGURATION WEIGHTS SUMMARY
 
Insulated Chamber 

Steel Case 

Fwd. Head 

Cylinder 

Aft Head 

Insulation (v-44) 

Liner (SD 850-2) 

Nozzle and Cone Assembly 

Nozzle Assembly 

Steel Shell 

Support Structure 

Carbon Cloth-Phenolic 

Silica Cloth-Phenolic 

Insulation (v-44) 

Forward Exit Cone Assembly 

Honeycomb Structure 

Carbon Cloth-Phenolic 

Silica Cloth-Phenolic 

Aft Exit Cone Assembly 

Honeycomb Structure 

Silica Cloth-Phenolic 

Exit Plane Insulation 

Equipment and Instrumentation 

Roll Control 

Thrust Vector Control 

Misc. Equip. & Elect. Systems 

Structures 

Aft Cone 

Base Heat Protection 

Raceway Tunnel' 

Handling Rings 

Forward Ring 

Aft Ring 

Propellant 

21,550
 
162,600
 
15,295
 
8,045
 
3,293
 
4,5o4
 
1,665
 
2,304
 
6,561
 
3,130
 
4,930
 
5,040
 
16,580
 
670
 
Total 

227,137 lb 
199,445 
26,012 
1,680 
56,722 
19,811 
14,621 
22,290 
13,187 
571 
9,748 
2,868 
8,249 
6,901 
1,100 
248 
280,000 
-20,000 
160,oo 
3,400,000 
3,985,295 
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Figure E-3. Shear Storage Modulus of ANB-3105 Propell-t CBatO-L B-239) 
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Figure E-4. Shear Loss Tangent Distribution of ANB-3105 Propellant (Batch B-239) 
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Figure E-6. -Longitudinal-Axis 
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Figure E-7. -Longitudinal-Axis Circuit Diagram for Radial (R) Response
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Figure E-8. -Transverse-Axis Circuit Diagram for Radial (R) Response'
 
Figure E-9. - Transverse-Axis Circuit Diagram for Axial (Z) Response 
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Figure E-10. -Transverse-Axis Circuit Diagram for Circumferential (0)Response
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Figure E-13. ­ Dynamic-Model Data Readout and Excitation Points, 
Transverse-Axis Analysis 
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Figure E-14. - Resonance Response Analysis, Longitudinal Axis, Node 1024 
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Figure E-15. - Longitudinal-Axis Mode Shape at 1.77 cps
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Figure E-16. - Longitudinal-Axis Dynamic Stress Analysis, Distribution
 
of Peak Direct Axial Stresses at 1.77 cps
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Figure E-17. - Longitudinal-Axis Dynamic Stress Analysis, Distribution
 
of Peak Shear Stress at 1.77 cps
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Resonance Response Analysis of 260-in-dia Motor, 
Transverse Axis, No Central Support Spring, Node 1028 
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Figure E-19. - Resonance Response Analysis of 260-in.-dia Motor,
 
Transverse Axis, No Central Support Spring, Node 2044
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Figure E-20. - Resonance Response Analysis of 260-in.-dia Motor,
 
Transverse Axis, 12,000,000 lb/in. Central Support
 
Spring, Node 1028
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Figure E-21. - Resonance Response Analysis of 260-in.-dia Motor, 
Transverse Axis, 12,000,000 lb/in. Central Support 
Spring, Node 2044 
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Figure E-22. - Transverse-Axis Mode Shape at 4.5 cps, No Support Spring 
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Figure E-23. - Transverse-Axis Mode Shape at 7.0 cps,
 
12,000,000 lb/in. Support Spring
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Figure E-24. - Transverse-Axis Dynamic Stress Analysis,
 
Distribution of Peak Direct Axial Stresses'
 
at 4.5 cps, No Support Spring
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Figure E-26. - Transverse-Axis Dynamic Stress Analysis, Distribution
 
of Peak Direct Axial Stresses at 7.0 cps,
 
12,000,000 lb/in. Support Spring
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Figure E-25. - Transverse-Axis Dynamic Stress Analysis, Distribution
 
of Peak Shear Stresses at 4.5 cps, No Support Spring
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Figure E-27. - Transverse-Axis Dynamic Stress Analysis, Disbribution of
 
Peak Shear Stresses at 7.0 cps, 12,000,000 lb/in. Support
 
Spring
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